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(57) Abstract 



This invention pertains to a method for liquid phase fluorination for perfluorination of a wide variety of hydrogen-contain- 
ing compounds. 
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TiT nxTTn phase FL.UORI NATION 



Bac k ground of the Inventio n 

Hydrocarbons can be converted to f luorocarbons 
In two commercially viable ways. Electrochemical 
5 fluorination (ECF) is widely used to fluorinate 
materials which are soluble and stable in liquid 
hydrogen fluoride (HF) . Of among the classes of 
materials prepared in this manner, perf luorotertiary 
amines and perf luorosulf onic acids are best suited 
10 for the technique giving yields generally in excess 
of 70%. Other classes of compounds such as cat- 
boxylic acids and their derivatives can be fluor- 
inated electrochemically : however, the yields are 
usually low and have a tendency to decline rapidly 
as the number of carbons in the molecule is in- 
creased. In general, a very low yield 
(less than 25%) will be obtained for any per- 
fluorinated carboxylic acid containing over 12 

carbon atoms. 

A. second* widely used process for preparing 
perf luorocarbons involves contacting a hydrocarbon, 
in the gaseous form, with cobalt trifluoride. This 
technique, although narrow in applicability, works 
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well for low molecular weight hydrocarbons, espe- 
cially polyaromatic compounds which are sufficiently 
volatile to allow vaporization. Examples of mate- 
rials which can be fluorinated in this manner 
include decalin, tetradecahydrophenanthrene , 
naphthalene, decane, dodecane, etc. 

Russell et al. (U.S. Patent 3,897,502) describe 
a process whereby one or several fluorine atoms can 
be added to a partially fluorinated low molecular 
weight hydrocarbon. The material to be treated is 
dissolved in an inert solvent through which dilute 
fluorine is bubbled at low temperatures (-10°C to 
-30°C). The resulting product is a partially 
fluorinated material which typically contains 
several additional fluorine atoms. Scherer et al . 
(U.S. Patent 4,686,024) teach a method for per- 
fluorinating low molecular weight partially fluor- 
inated hydrocarbons. Highly fluorinated starting 
materials are slowly pumped into a fluorocarbon 
solvent over a 3 to 5 day period. As the organic 
material is being delivered, a large excess of pure 
fluorine gas is bubbled through the solvent 
(typically a 5 to 8 fold excess) . An ultraviolet 
lamp is used to activate the fluorine to produce the 
25 products of interest. The yields reported generally 
range from 20% to 50% for materials which contain 3 
to 5 hydrogens which must be replaced by fluorine. 
Callini et al . (European Patent Application 269,029) 
describe a fluorination process in which a hydro- 
30 genated ether compound is reacted with T ^ diluted 

with an inert gas in a liquid phase, in the presence 
of a alkali metal fluoride. 



20 
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Summary of the Invention 

This invention pertains to liquid phase fluori- 
nation for perf luorination of a wide variety of 
hydrogen- containing compounds. The fluorination is 

5 performed in a perhalogenated liquid medium, such as 
a perf luorocarbon medium, a perhalogenated chloro- 
fluorocarbon medium or a perhalogenated 
chlprof luoroe ther * The hydrogen-containing compound 
is introduced into the medium while the medium is 

10 agitated so that the compound is dissolved or 

dispersed within the medium. Fluorine gas, diluted 
with an inert gas v is then introduced into the 
medium to fluorinate the hydrogen- containing 
compound. The fluorine is diluted so that it is 

15 below the flammable limits of the liquid medium (in 
fluorine) . The fluorine is introduced in an amount 
in excess of the stoichiometric amount needed to 
replace all of the hydrogen atoms of the hydrogen- 
containing compound. The temperature is maintained 

20 above the melting point of the solvent, below the 

temperature at which fluorine reacts with the liquid 
and below the temperature in which fragmentation of 
the hydrogen- containing compound occurs. The 
fluorination is carried out in the absence of 

25 ultraviolet light and continued (as a batch or 
continuous process) until all the hydrogen- 
containing compound is introduced into the liquid 
medium and fluorinated. 

It has been found, in accordance with the 

30 present invention, that a wide variety of hydrogen- 
containing compounds can be fluorinat d using the 
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liquid phase fluorination. The method of the 
invention can be used to prepare fluorinated pro- 
ducts which can be prepared by ECF and cobalt 
trifluoride processes as well as products such as 

5 perf luoropolyethers , high molecular weight fluoro- 
carbon diacids, and high molecular weight hydro- 
carbons which cannot be prepared by the .existing 
fluorination technologies. The fluorinated products 
can be obtained typically in higher yield and in 

10 purer form than in other processes* 

The mild conditions employed in the method of 
this invention make it possible to preserve chemical 
functionalities on a fluorinated molecule. For 
example, chlorinated hydrocarbons can be converted 

15 to polyf luorinated materials with essentially all of 
the chlorine being retained in original positions. 
Polyesters and acyl fluorides can be converted to 
perf luorocarbons with essentially complete retention 
of the ester functionality. Perf luoro - tertiary 

20 amines r sulfonic acids, sulfonic esters and ketones 
can all be prepared in high yield. 

Br ief Descripti on of the Drawings 

Figure 1 is a schematic representation of a 
liquid phase fluorination reactor. 
25 Figure 2 is a schematic representation of 

another liquid phase fluorination reactor . 



"30 



Detailed Description of the Invention 

The per fluorination reactions are carried out 
in a liquid phase flu rination reactor- A suitable 
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reactor is shown schematically in Figure 1. The 
reactor consists of a reaction vessel equipped with 
a means for agitating vigorously a liquid contained 
therein (a stirrer), a means of removing the heat 

5 (internal or external cooling coils, a constant 

temperature bath, etc.), a fluorine inlet, an inlet 
line for introducing the hydrogen- containing 
compound to be fluorinated, a gas outlet line, a 
condenser for condensing vaporized liquid from the 

10 reaction vessel and a liquid return line for 

returning condensed liquid back into the reaction 
vessel. Downstream from the reactor a hydrogen 
fluoride scrubber (such as a sodium fluoride-filled 
tube), instrumentation for measuring the fluorine 

15 concentration in the off gas (which can be done 
titrame trically , with an ion specific electrode, 
calorimetrically , etc.) and a fluorine scrubber 
(such as a tube filled with alumina, sulfur, etc.) 
are installed, 

20 Liquid perhalogenated chlorof luorocarbons , 

chlorof luoroethers and perf luorocarbons serve as 
useful liquid phase medium in the fluorination 
reaction. Collectively, these compounds are 
referred to herein as the perhalogenated liquid 

25 fluorination medium. Examples of some such 
chlorof luoroethers are: 

(CF 2 C1) 2 CF0CF 2 0CF(CF 2 C1) 2 

CF 2 C1CF 2 0CF 2 0CF 2 CF 2 C1 
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When perf luorinating low molecular weight 
polyethers, it "is preferrable that the liquid 

f luorinatioti medium be the same as the fluorination e 
product of the reaction. This eliminates the need 
5 to separate the fluorinated product from the liquid * 
medium. 

According to the method of the invention, the 
fluorination reaction is carried out by placing a 
perhalogenated liquid in the reactor, such as a 

10 perf luorocarbon, a perhalogenated chlorof luorocarbon 
or a perhalogenated chlorof luoroether . For clarity, 
the following description pertains to 1,1,2-tri- 
chlorotrif luoroethane which is a useful solvent for 
most reactions; however , as pointed out above, 

25 other perhalogenated chlorof luorocarbons or 

perf luorocarbons , such as Fluorinert FC-75 described 
in Example 70, may be used. 

Before beginning the reaction, the reactor is 
purged of air, generally, by flushing the reactor 

20 with inert gas such as nitrogen gas for approxi- 
mately 30 minutes. The reactor temperature is 
adjusted to the desired temperature, i,e. a temper- ; 
ature high enough for the fluorination reaction to 
occur but low enough to prevent fragmentation of the 

25 hydrogen-containing compound, usually between -40°C 
and +150°C, preferably between -10°C and +50°C. 
Similarly, the condensor is cooled to its operating 
temperature (typically -3-5°C). The hydrogen- 
containing material to be fluorinated is introduced 

30 into the reactor at a controlled rate as fluorine 
gas and a diluent inert gas (e.g. nitrogen), ar 
introduced th rein. Preferably, the fluorine is 
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bubbled through the vigorously agitated perhalo- 
genated liquid fluorine tion medium but it may also 
be introduced into the vapor space of the reactor. 
The fluorine is introduced at a rate slightly above 

5 that required to theoretically replace all of the 

hydrogen atoms present on the molecule to be fluori- 
nated (typically a 10% to 40% excess of fluorine is 
used). The fluorination reaction is carried out in 
the absence of ultraviolet light. 

10 Upon completing the addition of the hydrogen- 

containing material, the fluorine concentration in 
the gas exit line typically increases sharply, - 
denoting the end of the fluorination reaction. 
However, in the case of high molecular weight 

15 polymers (5,000 to 30,000 amu) and hydrocarbons 

which are either insoluble or sparingly soluble in 
the liquid, it is often beneficial to slowly meter 
into the reactor a small amount of a low molecular 
weight hydrocarbon such as benzene after adding the 

20 hydrogen- containing compound to be fluorinated to 

ensure perf luor ination. The hydrocarbon reacts with 
the fluorine producing an abundance of fluorine 
radicals which are highly reactive and replace the 
last remaining hydrogen atoms on the product. 

25 The hydrogen- containing compound to be fluor- 

inated can be metered into the reactor neat if it 
has a sufficiently low viscosity (less than about 50 
est, at lOOT), or it may be diluted with a solvent. 
Normally, the solvent is the fluorination liquid, 
30 For example , if 1 1 1 f 2 - tr ichlor otrif luoroe thane is 

used as the liquid fluorination medium, the mat rial 



WO 90/03353 



PCT/US89/04251 



to be fluorinated is typically diluted with 1,1,2- 
trichlorotrif luoroethane before being introduced 
into the reactor. With high molecular weight 
polymers which are often solids, the dilution 

5 becomes very important. 

If the hydrogen- containing compound is In- 
soluble in the perhalogenated liquid fluorination 
medium, it can still be fluorinated In high yield by 
forming an emulsion with the liquid fluorination 

10 medium. One convenient way of preparing such 
compounds involves preparing the emulsion con- 
tinuously in situ as the fluorination reaction 
proceeds. For example, if 1 , 1 , 2- trlchlorotri- 
fluoroethane is used as the fluorination liquid, the 

15 hydrogen-containing compound is first diluted with a 
suitable solvent which has a high solvating power 
and at the same time will consume little if any of 
the fluorine . Chloroform , trichloroethene , tri - 
chloroethane , tr If luoroacetic acid or trifluoro- 

20 acetic anhydride can usually be used as the solvent* 
Upon dissolving the hydrogen-containing compound In 
the solvent, 1,1, 2 - trichlorotrif luoroethane is then 
added slowly until the reactant solution becomes 
cloudy, signifying that the hydrogen- containing 

25 compound is beginning to precipitate or become 

immiscible with the s olvent mixture . The hydro gen - 
containing compound/1, 1 , 2- trichloro tr If luoro- 
ethane/solvent mixture is then slowly pumped into 
the fluorination reactor in the usual manner, as 

30 previously described. As the solution contacts the 
perhalogenated liquid fluorination medium, a fine 



BNSDOCID: <WO 9003353A1 J_> 



WO 90/03353 



PCT/US89/042S1 



-10- 

during the fluorination. When f luor inating ethers 
in the presence of sodium fluoride, improved yields 
are obtained while chain cleavage and rearrangements 
are minimized* 

5 Polyethers containing sterically hindered 

oxygens and/or chlorine in the vicinity of the 
oxygen can be fluorinated in high yield without 
having a hydrogen fluoride scavenger present . 
Naturally, these reactions are more amenable to con- 

10 tinuous processes than those reactions requiring a 
hydrogen fluoride scavenger. 

The method of this invention is extremely 
versatile and allows fluorination of many different 
classes of hydrogen* containing materials , including 

15 ethers and polyethers having 5 to 10 ,000 carbon 
atoms. Cyclic ethers having more than 10 carbon 
atoms can also be fluorinated. by the methods of this 
invention. To illustrate this , the fluorination of 
several clas ses of compounds is di scribed below. 

20 Pro du ction of Perf luor ina ted Acids and Their 
Derivati ves^ 

Perf luorinated acids such as C^F^COOH and 
their derivatives have received much attention 
through the last forty years principally because 

25 many products of commercial value such as oil- and 
water- repel lant finishes for textile and paper , 
stain- rep ellant finishes for leather , surfactants 
for a variety of applications and other commercial 
products are based on perf luorinated acids and th ir 

30 derivatives. Perf luor inated acids are made pri- 
marily by two methods. The first method involves 
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electrochemical fluoridation (ECF) of acid deriva- 
tives to perf luorinated acid derivatives. The 
second main method involves the use of telomers made 
from per f luor oiodoalkanes and te traf luoroe thylene in 

5 multi-step routes. For a discussion of how per- 
f luorinated acid derivatives are made see, for 
example, R , E . Banks, ed. , Preparation , Properties 
and Industrial Applications of Organpf lupr ine 
Compounds , Chapter 1, John Wiley & Sons, 1982. 

10 in ECF of acid derivatives, the yield of 

perfluoro acid produced falls of rapidly with 
increasing chain length of the feed stock. The 
effect of molecular weight on the yield is best 
illustrated by the following reaction (1) : 

15 1)ECF 

C H„ ^COCl > C F 0 -C00-H (1) 

n 2n+l n 2n+l v 

2)H 2 0 

n-6, 16% yield; n-7 , 10% yield; n-11, 0.5% yield. 
An important contributing factor for the low yields 

20 is the formation of cyclic per fluoropo ly ether s when 
n— 3 . For example, a major by-product of perfluoro- 
octanoic acid production is perf luoro - ( 2 -n-butyl - 
te tr ahydrof uran) . Other by-products include tars 
and fragmentation products. The formation of 

25 by-products in ECF reactions of acid derivatives 
makes it difficult if not impossible to make 
materials such as some of the long chain diacids 
described in the examples which follow. 

With, the liquid phase fluoridation techniques 

30 of this invention, it is possible to make a wide 
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variety of per f luor inated acids and acid derivatives 
in very high yields . In many cases there is 

practically no loss of functional groups and there 5 
are very few side reactions. 

5 The hydrogen-containing starting material can * 

be reacted with fluorine in a reactor such as the 
one just described and shown in the schematic of* 
Figure 1. There are a variety of acid derivatives 
that can be reacted. Organic acids themselves are 

10 generally not a good choice. For example, the 

fluorination of decanoic acid gives perfluorononag^ 
in high yield as the product decarboxylates during 
the fluorination. Although decanol can be used as a 
reactant to produce mainly per f luorodecanoic acid, a 

15 potential by-product of this reaction is a hypo- 
fluoride so it may not be the reactant of choice. 
Acid halides work very well as organic reactants. 
Using decanoyl fluoride, perf luor odecanoic acid can 
be made in high yields. However, when decanoyl 

20 chloride is used as the reactant, a considerable 
amount of chlorine substitution on the product 
results. With decanoyl chloride, the resulting 
product after hydrolysis contains a material where 
about 50% of the molecules have one or more 

25 chlorines in the molecule (i.e.. C^F^gClCOOH) . 

Another disadvantage of using acid halides is that 
they must be handled under anhydrous conditions as 
they will easily hydrolyze to form acids which 
decarboxylate during the fluorination. However, the 

30 use of acid fluorides might b the preferred feed- 
stock choice in a production facility as the least 
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amount of elemental fluoride is needed. For labor- 
atory-scale reactions, esters are probably the 
reactant of choice. With primary esters, both ends 
of the ester group are converted to perfluoro acids 

5 after fluorination followed by hydrolysis. For 

example, the hydrolysis of one mole of perfluoro- 
(octanoyl octanoate) , gives two moles of perfluoro 
octanoic acid. Using octanoyl acetate, one mole of 
perf luorooctanoic acid and one mole of trifluoro- 

10 acetic acid is made. As can be seen from the 
reactions below: 



32 F 2 

C 8 H 17 OC(0)C 7 H 15 * C g F 17 OC(0)C 7 F 15 +32 HF 



2H 2 0 

V 2 C 7 F 15 COOH + 2HF (2) 

20 F 2 

C g H 17 OC(0)CH 3 — ^ C 8 F 17 OC(0)CF 3 + 20 HF 



15 



2H 2 0 



C 7 F 15 COOH + CF 3 C00H + 2 HF (3) 



15 F 2 . 

20 C 7 H 15 COF * C 7 F 15 COF +15 HF 



H 2 0 



C ? F 15 C0OH + HF (4) 
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15 



20 



slightly m re flu rine is required to fluorinate an 
est r than th corresponding acid flu rid to make 
the same product. However, the hydrocarbon esters 



equipment. In a production facility, it may be more 
cost effective to use acid fluorides since the main 
cost of products would probably be associated with 
the cost of fluorine gas. 

When secondary alcohols or esters of secondary 
alcohols are reacted using this invention, the 
resulting product after hydrolysis is a perfluoro- 
ketone. For example, the hydrolysis o£ perfluoro- 
(isopropyl octanoate) yields perf luorooc tanoic acid 
and hexaf luoroacetone after hydrolysis. 2-0ctanol 
yields per f luoro - 2 - oc tanone and ace tyl - 2 - octanoate 
yields trif luoroacetic acid and perf luoro -2 - octanone 
after hydrolysis. These reactions are shown as 
follows : 



are stable in air and can be handled in glass 





(5) 





18 F 




(7) 
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When tertiary alcohols are reacted according to 
this invention, tertiary alcohols are produced in 
low yields with mostly perf luoroalkanes being 
produced. However, esters of tertiary alcohols give 
5 fair yields of tertiary perfluoro alcohols after 
hydrolysis . 

There are many applications in the aerospace 
and related industries, in which, o-rings, gaskets 
and sealants are needed which can withstand high 

10 temperatures while also exhibiting good low- 
temperature flexibility. The methylol - terminated 
prepolymers which can be made by reduction of 
perf luorocarbon diacids and described in several of 
the following examples are promising precursors for 

15 such materials. For example, polyurethanes can be 
prepared by reacting hydroxyl- terminated fluoro- 
carbons with aromatic diisocyanates . Similarly, 
useful binders can be prepared by reacting the 
methylol- terminated fluorocarbon with para- 

20 formaldehyde T 

Production of Per f luor ina te d Ethers 

An important class of materials that can be 
produced using the liquid phase fluorination 
techniques of this invention are perf luoroethers and 

25 polyethers. The production of perf luoropolye ther s 
by ECF or cobalt trifluoride fluorination has not 
resulted in commercially viable processes due to 
extensive fragmentation reactions which usually 
occur. Methods have been developed for making 

30 perf luoropolye th rs by direct fluorination (see, for 
example, U.S. Patent 3,775,489). Liquid-phase 
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fluorination provides a process capable of producing 
better quality (e.g., higher linearity) perfluoro- 
polyethers having higher yields. 

Hydrocarbon ethers such as polyethers are more 

5 difficult to prepare by direct fluorination than 

other hydrocarbons due to their sensitivity to the 
by-product hydrogen fluoride generated in the 
process . Hydrogen fluoride has a tendency to cause 
acid cleavage of the ether linkages. The degree of 

10 sensitivity varies greatly with the structure of the 
ether. Linear polyethers containing a low carbon to 
oxygen ratio are most reactive while polyethers 
containing some chlorine and fluorine substituents 
are remarkably stable in the presence of hydrogen 

15 fluoride. In spite of this, virtually all ethers 
can be prepared by the method of this invention in 
excellent yields if provisions are taken to minimize 
the exposure of the ether to the hydrogen fluoride. 
A variety of techniques can be used to accomplish 

20 this. For example, sodium fluoride can be charged 
into the reactor along with the fluorination liquid. 
The sodium fluoride slurry scavenges the hydrogen 
fluoride to give sodium bifluoride. 

A slight modification of this approach which 

25 works well involves placing sodium fluoride pellets 
in a second vessel through which the gaseous 
products of the reaction are passed. For this 
approach, the reactor shown in Figure 2 can be used. 
A gas pump is used to circulate the gases in the 

30 reactor through the sodium fluoride bed (which 

removes the hydrogen fluoride) and then to reinject 
the gases, which contain unreacted fluorine, back 
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into the reactor. By isolating the sodium fluoride 
from the product, the recovery of the product is 
greatly simplified and the process can be made 
continuous by employing several sodium fluoride beds 

5 which can alternately be regenerated by heating. 

An alternate approach which gives satisfactory 
results involves using a perhalogenated liquid 
fluorination medium with a boiling point high enough 
to allow the fluorination reaction to be carried out 

10 at a sufficiently high temperature to allow the 

by-product hydrogen fluoride to be quickly removed 
from the reactor. This greatly facilitates the 
removal of hydrogen fluoride because the solubility 
of hydrogen fluoride in the liquid phase decreases 

15 with increasing temperature. Typically, a perhalo- 
genated liquid fluorination medium having a boiling 
point near 100° C works well. Thus, it is often 
possible to prepare perfluoropolyethers in high 
yield without using a hydrogen fluoride scavenger. 

20 A slightf variation of this approach involves 

placing a sodium fluoride trap in the liquid return 
line be tween the condensor and the reactor . The 
maj ority of the hydrogen fluoride is swep t from the 
reactor and is condensed in the condensor along with 

25 some of the fluorination liquid. The fluorination 

liquid is phase separated from the hydrogen fluoride 
and is returned to the reactor. By placing a sodium 
fluoride trap in the liquid return 1 ine , one can be 
certain that the liquid returning to the reactor is 

30 free of hydrogen fluoride. 
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Productign of Other Fluorochemicals 

There are a wide variety of other fluoro- 
chemicals that can be made using this invention. 
Classes of materials that can be fluorinated include 

5 alkanes t alkenes , aromatic hydrocarbons , sulfonic 
acid derivatives, amines, chlorinated hydrocarbons, 
carboxylic acid derivatives t ethers f f orrials , 
acetals , ketals r epoxides and others . 

Perhalogenated acetals f ketals and formals are 

10 described in U.S. Patent Application Serial No. 
07/250,384, filed September 28, 1988 and Serial 

No._ f Attorney's Docket No. EXF87-02A, 

filed concurrently herewith. Perhalogenation of . 
epoxides is described in U.S. Patent Application 

15 Serial No. 07/251,135, filed September 28, 1988 and 

Serial No. , Attorney's Docket No. 

EXF88-03A, filed concurrently herewith. The 
teachings of each of these applications are 
incorporated by reference herein. 

20 Both large and small molecules can be reacted 

using this invention to yield products ranging from 
single compounds to polymers . Alkanes and alkenes 
are generally quite soluble in 1,1, 2 - tr ichlorotri - 
fluoroethane and similar solvents so they can easily 

25 be added either neat or in solution to the reactor . 
Materials such as perf luorokerosene are useful as 
mass markers in mass spectrometry . It is also 
possible to produce unique materials such as elasto- 
mer ic perf luoroe thy lene ^ propylene copolymers using 
30 this invention . Hydrocarbon ethylene -propylene 

copolymers can be produced with nearly any ratio of 
ethylene to propylene so it is possible to use this 
invention to pr duce per f luoroe thy lene -propylene 
cop lymers with ethylene to propylene ratios of 



BNSDOCID: <WO_9003353A1_I_> 



WO 90/03353 PCT/US89/042S1 



-19- 

about one to one which are elastomeric. If one uses 
perf luoroe thylene and perf luoropropy lene monomers to 
produce perf luoroethylene-propylene copolymers , the 
difference in monomer reactivity limits the amount 

5 of hexaf luoropropylene that can be incorporated in 
the polymer to a range such that the polymer is not 
elastomeric. Aromatic and polyaromatic hydro- 
carbons, such as phenanthrene or polystyrene, can 
also be reacted us ing this invention with the 

10 aromatic groups becoming saturated with fluorine as 
the hydrogens are being replaced with fluorine . 
Preferably , mono and poly eye lie aromatic compounds 
will have 6 to 30 carbon atoms. 

Perf luoroamines can be made using this in- 

15 vention as well. Although some of the yields are 
relatively low due to the tendency to form tars at 
some stage of the reaction, the addition of an acid 
such as trif luoroacetic acid to the hydrocarbon 
amine appear s to improve the yield and the use of 

20 both a chlorof luorocarbon and liquid HF as the 

liquid phase in the reactor improves the yield even 
more . 

Sulfonic acids and derivatives such as sulfonyl 
chlorides, sulfonyl fluorides and alkyl sulfonates 

25 can be converted in high yields to give 

perf luoroalkyl sulfonyl derivatives . Fluorocarbon 
sulfonyl derivatives offer many advantages over 
conventional hydrocarbon surfactants . They give 
lower surface tensions , are more stable ; show 

30 surface activity in organic sys terns and exhib i t both 
excellent water and oil repeliancy. Although low 
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molecular weight fluorocarbon sulfonic acid deri- 
vatives can be prepared in the electrochemical cell, 
the fluorination of hydrocarbon sulfonyl derivatives 
in perhalogenated liquid fluorination medium repre- 
sents a superior means of preparing f luor ocarbons 
having over six to eight carbons. Anionic sur- 
factants based on fluorocarbon sulfonic acids 
function at increasingly lower concentrations as the 
molecular weight of the fluorocarbon chain in the 
surfactant increases . 

The invention described is particularly 
advantageous for preparing f luor ocarbons containing 
two or more sulfonic acid derivatives . Unlike the 
electrochemical cell which gives very poor results 
!5 when fluorinating molecules containing more than one 
sulfonic acid derivative , materials such as these 
can be prepared in good to moderate yields us ing the 
liquid phase fluorination reactor . 

This invention also relates to a method of 
20 preparing chlorof luor ocarbons by the reaction of 
chlorinated organics with fluorine gas. The re- 
action takes place at temperatures low enough to 
replace essentially all of the hydrogen atoms with 
fluorine while retaining all of the chlorine atoms 
25 present in the molecule. For example, telomers of 
polyvinyl chloride (PVC) can be fluorinated to give 
telomers of chloro tr if luor oethy lene which contain 
chlorine on every other carbon . The regular 
structure results because vinyl chloride reacts 
30 strictly in a h ad-to-tail fashion. In contrast, 
telomers .of chloro tr if liioroe thylene prepared by 
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10 



15 



20 



25 



polymerizing chloro tr if luoroe thylene have a random 
structure and, as a result, are considerably less 
stable in air and in the presence of metal surfaces. 
The telomers prepared by fluorination of polyvinyl 
chloride are presently being contemplated as non- 
flammable hydraulic fluids. 

Similarly, telomers of vinylldene chloride can 
be fluorinated to yield chlorof luorocarbons having a 
regular structure as shown by Equation (8). These 
materials are also reasonably stable and do not 
contain chlorine on adjacent carbon atoms. 

F 2 /N 2 

(CH 2 CCl 2 ) n > <CP 2 CCl 2 ) n (8) 

The invention is further illustrated by the 
following non- limiting examples: 

Examp le 1 

A 10 liter stirred tank reactor was loaded with 
5,0 liters 1 , 1 , 2- trichloro trif luoroethane . Octanoyl 
octanoate (877g) was placed in an erlenmeyer flask 
and diluted to about 1900 ml with 1 , 1 , 2 - trichloro - 
trifluoroethane. The nitrogen flow was set at 
3400cc/min and the fluorine flow was set at 
800cc/min. After three minutes , the octanoyl 
octanoate solution was added at a rate of 13.7 grams 
octanoyl octnoate per hour or 0.5 ml per minute. 
The reactor temperature was maintained at 0°G and 
the cond nser temperature at -35°C. After all the 
octanoyl octanoate was added (64 hours), the 
nitrogen flow was reduced to 1500cc/min and the 
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fluorine was reduced to 300cc/min. For 30 minutes 
these flows were maintained while 2 grams of benzene 
dissolved in 1 ,1 , 2 - trichloro trif luoroethane was 
added at a rate of 4 grams per hour of benzene* 

5 After 30 minutes of benzene addition, the benzene 

flow was stopped. Fifteen minutes after the benzene 
flow was stopped, the fluorine was turned*off . 
After purging with nitrogen, 300 grams technical 
grade methanol was added to the reactor. Approxi- 

10 mately seven liters of material was dumped from the 
reactor which was distilled to yield 2430 grams that 
boiled at 155° C. Analysis of the product showed 
that much better than 99% of this fraction was 
C 7 F 15 C00CH 3 (83% yield) . The major by-product of 

15 the reaction was a dimer of perf luorooctanoic acid 
C490g>. 

Example 2 

A 10 liter stirred tank reactor was loaded with 
5 . 5 liters 1,1,2- trichlorotr if luoroethane . n-Decyl 
trif luoroacetate (489g> was diluted with 1,1,2-tri- 
chloro trif luoroethane to give a volume of 1600 ml. 
The nitrogen flow was set at 2000 cc/min and the 
fluorine was set at 470 cc/min, the reactor was held 
at -5°C. After four minutes the decyl trifluoro- 
acetate solution was added at 38 ml per hour. Once 
all the decyl trif luoroacetate was delivered into 
the reactor, the fluorine flow was maintained for an 
additional 15 minutes to ensure perf luorination . 
After purging fifteen minutes with nitrogen, 200 
grams of technical grade methanol was added to the 
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25 



30 
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reactor. The products were then distilled to give 
903 grams of C g F ig C00CH 3 (88.8% Yield) that con- 
tained about 0 , 5% of a material with one or more 
hydrogens in the fluorinated chain, 

5 Example 3 

A 10 liter stirred tank reactor was loaded with 
5,0 liters 1 , 1 , 2 - trichloro trif luoroe thane . 260 
grams of decanoyl chloride was diluted with 
1 , 1, 2- trichlorotrif luoroethane to give 600 ml of 

10 solution. The fluorine was set at 600cc/min with a 
nitrogen flow of 2400cc/min. The reactor tempera- 
ture was held at 0°C. After five minutes the 
decanoyl chloride flow was set at 30ml/hr. When 
all of the decanoyl chloride was added (20 hours) f 

15 the fluorine flow was reduced to 300cc/min and the 
nitrogen to 1200cc/min and held under these con- 
ditions for 30 minutes. The fluorine was then 
turned off and the reactor was purged with nitrogen 
for 30 minutes after which time 120 grams of 

20 methanol was added to the reactor . After 

distillation 310 grams of C g F ig C00CH 3 was recovered 
(43% yield) with the major by-products being 
C g F 18 ClCOOCH 3 , C g F 17 Cl 2 COOCH 3 , and C g F 2() . 

£xample_ 4 

25 A 10 liter stirred tank reactor was loaded with 

5.7 liters 1,1, 2 - trichlorotrif luoroethane . 3 50 
grams of 1,5-pentanediol diacetate was diluted with 
1 ( 1 , 2- tri chloro trif luoroe thane to 700 ml. The 
nitrogen flow was set at 2000cc/min and the fluorine 
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flow was set at 570cc/min. After three minutes the 
flow of 1 , 5 -pentanedlol diacetate was set at 
30ml/hr. The reactor temperature was held at -1°C 
during the reaction. After all of the pentanediol 

^ diacetate had been added ( 24 hours), the nitrogen 
flow was set at 1200cc/min with a fluorine flow of 
300cc/min. Four grams of benzene was placed in 
1 , 1 , 2- tr ichlor otrif luoroethane to give 30 ml and 
this was then pumped into, the reactor at a rate of 

10 30ml/hr for 45 minutes. The benzene flow was then 
stopped and the fluorine flow was terminated 15 . 
minutes later. After purging with nitrogen, 300 
grams of methanol was added to the reactor. After 
distillation, 457g (91.5% yield) of the dimethyl 

15 ester of 2,2,3,3 , 4 , 4-hexaf luoropentane - 1 , 5-dioic 
acid was obtained (b.p. 66-70°C at 14 torr) . The 
dimethyl ester can be reduced with lithium aluminum 
hydride to give a hydroxy- terminated compound with a 
melt point of 75° G. 

20 19 F NMR (5 ppm vs GFC1 3 ): -122.6(a) and -126.5(b) 

HOCH 2 CF 2 CF 2 CF 2 CH 2 OH 



Example 5 

A 10 liter stirred tank reactor was loaded with 
25 5.0 liter 1 , 1 , 2 - tr ichlorotrif luoroethane . 322 grams 
of hexanediol diacetate was placed in 1,1,2-tri- 
chlorotriflu roethane to give a volume of 640 ml. 
The nitrogen flow was set at 1.8 liters per minute 
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while the fluorine flow as set at 590cc/min. After 
three minutes, the flow of hexanediol diacetate was 
set at 28ml/hr. The reactor temperature was held at 
0°C during the reaction. Once all of the hexanediol 

5 diacetate had been added ( 23 hours), the nitrogen 

flow was reduced to 1200cc/min and the fluorine flow 
was reduced to 300cc/min. Four grams of benzene was 
diluted to 30 ml with 1 , 1 , 2 - trichlorotr if luoroe thane 
and added at a rate of 30ml/hr for 30 minutes. Ten 

10 minutes after the benzene flow was stopped, the 

fluorine was turned off and the reactor purged with 
nitrogen. 300 grams of technical grade methanol was 
then added to the reactor to make the dimethyl ester 
of 2,2,3,3,4,4,5, 5- octaf luorohexane -1,6-dioic acid. 

15 The product was then distilled to give 474 grams of 
a fraction that had a boiling point of 108-110°C at 
30 tprr ( 93 . 5% yield) . The product can be reduced 
with lithium aluminum hydride to give a hydroxy - 
terminated derivative with a melt point of 65-66°C. 

20 19 F NMR (6 ppm vs CFC1 3 ): -122.5(a) and -124.0(b) 

HOCH 2 CF 2 CF 2 CF 2 CF 2 CH 2 OH 
abba 

Examgle 6 

5.0 liters 1 , 1 , 2 - tr ichlor otrif luoroethane were 
25 placed in a 10 liter stirred tank reactor. 291 

grams of decanediol diacetate was diluted to 660 ml 
with 1 , 1 , 2 - trichloro trif luoroe thane and placed in an 
erlenmeyer flask. The reactor temperature was held 
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at +10°C during the reaction while the nitrogen flow 
was set a 2 liters/minute and the fluorine flow set 
at 630cc/min. After 3 minutes the decanediol 
diacetate solution was added at a rate of 29ml/hr. 

5 Upon completion of the addition (23 hours) , the 
fluorine flow was reduced to 300cc/min and the 
nitrogen flow reduced to 1200cc/min« A solution of 
4 grams benzene in 30 ml 1 , 1 , 2 - trichlor o tr if luoro - 
ethane was then added at a rate of 30ml/hr for 30 

10 minutes. The fluorine flow was allowed to continue 
for an additional 15 minutes then stopped. After 
purging with nitrogen, 250 grams of methanol was 
added to the reactor to convert the hydroly tically 
unstable perf luoroes ter to the relatively stable 

15 methyl esters. 402 grams of material (68.8% yield) 
was obtained having a boiling point of 102-113*0 at 
.04 torr. The major impurity was about 150 grams 
left in the distillation flask that absorbed 
strongly in the infrared spectrum in the CF and 

20 carbonyl regions . 

19 F NKR (5 ppm vs CFCl 3 ) : -122.0(b) and -123.7(a) 
HOCH 2 CF 2 CF 2 CF 2 CF 2 CF 2 CF 2 CF 2 GF 2 CH 2 OH 



Example 7 

25 5.0 liters 1 , 1 , 2 - tr ichloro tr if luoroethane were 

placed in a 10 liter stirred tank reactor. 307 
grams dimethyl phthalate was diluted to 650ml and 
placed in an erlenmeyer flask. The reactor 
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teraperature was held at 0°C during the reaction. 
The nitrogen flow was set at 1800cc/min and the 
fluorine flow set at 460cc/min. After 3 minutes the 
dimethyl phthalate solution was added at a rate of 

5 31ml/hour- Once all the dimethyl phthalate solution 
was added (21 hours) , the nitrogen flow was reduced 
to 1200cc/min and the fluorine flow was reduced to 
300cc/min. Four grams of benzene diluted to 30ml in 
1 , 1 , 2 - trichloro tr if luoroe thane was then added to the 

10 reactor over a one hour period. The fluorine flow 
was continued for an additional 15 minutes. After 
the reactor was purged with nitrogen 280g methanol 
was added to the reactor. The products were then 
distilled at 52 torr to give 171g of a fraction that 

15 boiled below 120°C and 362g of a fraction that 

boiled at 120-128°C. The first fraction was about 
90% pure CgF^COOCH^ (31.8% yield) with the diacid 
as the major impurity. The second fraction was 
shown by gas chromatography to be about 98% pure 

20 C 6 F 10 ^ COOGH 3^2 < 60 - 2% yield) with an equal mixture 
there of the cis and trans isomers. 

Example 8 

In order to make per f luoro - 2 - oc tanone from an 
ester of 2-octanol, a trimethyl acetate ester of 2- 

25 octanol was used because the resulting perfluoro- 

ester is fairly resistant to hydrolysis. 5.0 liters 
1 , 1 , 2- trichloro tr if luoroethane were placed in a 10 
liter stirred tank reactor. 126.5 grams of the 
trimethyl acetate ester of 2-octanol was diluted to 

30 700ml in 1 f 1 , 2 -trichloro tr if luoroethane and placed 
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In an erlenmeyer flask. The reactor temperature was 
held at -8° C "while the fluorine flow and nitrogen 
flows were set at 400 and 1500 cc/min, respectively. 
After three minutes the ester of 2-octanol was added 

5 at a rate of 39ml/hr. Upon completing the addition, 
the fluorine flow and other conditions were main- 
tained for ten additional minutes after which time 
the fluorine flow was stopped and the reactor 
warmed. The product was transferred from the 

10 reactor in air with no attempt to do anything 

extraordinary to prevent hydrolysis. The solvent 
was removed from the sample by distillation and the 
bottoms were then transferred to a one liter nickel 
reactor where lOcc/min of and 40cc/min of 

15 nitrogen were bubbled through the liquid which was 
held at 110 °C for four hours to remove any residual 
hydrogen left in the sample. After purging with 
nitrogen this sample was then distilled at atmos- 
pheric pressure to give 350 grams of a material that 

20 boiled at 181-182°C (86.8% yield). The fluorinated 
product (265g) was hydrolyzed at elevated temper- 
atures with 126g 1-octanol mixed with 17g sodium 
fluoride to give perf luoro - 2 - octanone which could be 
easily separated from the 1-octanol by distillation. 

22 The product distilled from the flask as formed (b.p. 
100-150 Q C). Redistillation of the crude product at 
105°C gave 155g (96% yield) of perf luoro- 2 - octanone . 

Example 9 

A 10 liter stirr d tank reactor was 1 aded with 
30 5.4 liters of 1 , 1 , 2 - trichloro trif luoroe thane and 
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1415g of finely ground sodium fluoride powder. The 
reactor was positioned in a constant temperature 
bath which maintained a reactor temperature of - 7 *" C . 
A condenser, which was placed downstream from the 

5 reactor, was used to condense and return to the 
reactor any liquid vapor which may be in the gas 
exit line. The condenser was maintained at -35°C. 
A mixture consisting of 328g of a poly ( ethylene 
glycol) diacetate having an average molecular weight 

10 of 600, 320g of l t 1 , 2- trichlorotrif luoroethane and 

113g of chloroform (used to solubilize the polyether 
in the 1 , 1 , 2 - tr ichlor o tr if luoro e thane ) was slowly 
metered into the fluorination reactor over a 26 hour 
period. Fluorine gas, diluted with nitrogen to give 

15 a concentration of 20%, was bubbled through the 

vigorously stirred fluorination liquid at a rate 10 
to 15% higher than that required to theoretically 
repace all of the hydrogen on the hydrocarbon being 
pumped into the reactor. Following the reaction, 

20 the reactor was purged with several volumes of 
nitrogen to remove the unreacted fluorine gas. 
Next, 154g methanol was pumped into the reactor. 
The reactor warmed slightly as the per f luorodies ter 
reacted with the methanol to give the hydroly t ically 

25 more stable dimethyl ester. The product was 

filtered to remove the sodium fluoride and sodium 

bifluoride solids. The product (mw 1500), which was 

obtained in about 80% yield was separated from the 

1 , 1 , 2- trichlorotrif luoroethane and methanol by 

30 distillation. 
19 

F NMR of the product in chlorotr if luoro - 
methane gave a small - triplet at -77.7 ppm (vs. 
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CFCl^) and a large singlet at -88.7 ppm corres- 
ponding to the terminal and interior difluoro- 
methylene of perf luoropoly (ethylene glycol) , re- 
spectively. 



0 O 
CH 3 0CCF 2 (CF 2 OCF 2 ) n CF 2 COCH 3 - 
abb a 



No definitive peak corresponding to a monof unctional 

19 

or nonfunctional compound could be seen in the F 
NMR. 



Example 1 0 

A 25 2 g sample of poly (ethylene glycol > having 
an average molecular weight of 1000 was mixed with 
400g of 1 , l t 2-trichlorotrif luoroethane and 188g of 

15 trif luoroacetic acid to give a homogeneous solution 
which was slowly pumped into a 10 liter fluorination 
reactor containing 5.7 liters of 1 , 1 , 2 - trichloro - 
trif luoroethane and 1150g of sodium fluoride powder. 
The reactor was maintained at 10°C as 20% fluorine 

20 was delivered at a rate sufficient to react with all 
of the organic being fed into the reactor. The 
reaction was complete in approximately 26 hours. 
Filtration of the product r followed by removal of 
the fluorination liquid gave 535g of * perf luoro- 

25 poly (ethylene oxide) . Treatment of the fluid for 
several hours at 250° C with 30% fluorine converted 
the reactive terminal groups to per f luoroalkyl 
£*rniiTvc ^ Xhe fluid was distilled into fractions 
having the following physical properties: 
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i^raction 
Property" 



Boiling point range <200(100) >200(100) >245(10) 

•C (mra Hg) < 245(10) <288(0.05) 

5 % of total 13 40 36 

20»C 3.32 13.2 33.9 

Kinematic 40»C 2.07 7.21 16.1 

Viscosity 60°C 1.43 4.25 9.05 

(est.) 80*C 1.05 2.80 5.73 

10 95°C 0.85 2.09 4.19 

149»C 0.46 1.07 1.93 

ASTM slope 0.934 0.725 0.681 

Density (20°C, g/ml) 1.7484 1.7650 1.7883 



(continued) 



15 — fj-antton 

Property 

Boiling point range >288(0.0S) >3 43 (0.05) 

•C (nun Hg) <343(0.05) 

t of total 7 4 

20 20 # C 127.00 447.00 

Kinematic 40 # C 51.9 173.00 

Viscosity 60»C 26.7 82.9 

(est.) 80»C 15.5 44.9 

95 # C 11.1 

25 149°C 4.27 11.4 

ASTM slope 0.538 0.488 

£ 

Density (20"C, g/ml) 1.8133 1.8234 
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19 

F NMR of fraction #4 in CFCl^ gave the following 
results : 

(8 ppm vs CFCl^) 

-56.0 (t, 9.6Hz, a); -89.0 (s,c) and -91.0 
5 (q, 9.6 Hz, b) 

CF 3 OCF 2 (CF 2 OCF 2 ) n CF 2 OCF 3 
a b c 

Anal. Calcd. for C 2 F 4 q : C, 20.69; F f 65.17. 
Found: C, 20.77; F, 65.29 

10 Example 11 

In an experiment similar to Example 10, 252g of 
a poly (ethylene glycol) having an average molecular 
weight of 1540 was diluted with 500 ml 1,1,2,- 
trichlorotrif luoroethane , 87g tr if luoroacetic an- 

15 hydride and 74g of trif luoroacetic acid. The 
homogeneous solution was pumped over a 28 hour 
period into a 10*C fluorination reactor containing 
5.7 liters of 1 , 1 t 2- trichloro trif luoroethane and 
1150g of sodium fluoride powder. Following 

20 filtration and distillation of the product, 398g of 
a perf luorinated fluid was recovered (60% yield) 
along with a small amount of elastomeric solids. 
The fluid had a composition identical to the fluid 
described in the previous example and a molecular 

25 weight of 2,500 amu. 
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Ex amp le i 2 

A perf luoropolye ther elastomer was prepared by 
dissolving 146g of an 18,500 a.m.u poly ( ethylene 
glycol) in 354g of chloroform containing 564g of 

5 1,1,2- trichlorotrif luoroethane . The viscous 

solution was slowly pumped into a 10°C reactor 
containing 5 liters of 1 , 1 , 2 - trichlorotrif luoro - 
ethane and 800g of sodium fluoride. Twenty percent 
fluorine, diluted with nitrogen, was metered into 

10 the reactor throughout the reaction which lasted 

approximately 28 hours. Following the reaction, the 
product was filtered to give a clear filtrate which 
contained 14. 5g of a polymeric fluid (3.8%). The 
insoluble portion of the product consisted of sodium 

15 fluoride, sodium bifluoride and per f luoropoly- 
(ethylene oxide) solids (81% yield) having the 
following structure: 

CF 3 0(CF 2 CF 2 0) n CF 3 

The solids were pressed into thin elastomeric sheets 
20 using a laboratory- size mill . The polymer remained 
elastic over a temperature range of -80°C to +360°C. 

Example M 13 

Five hundred grams of poly ( tetrame thy lene 
ether) glycol having an average molecular weight of 
25 1000 were treated with a 50% molar excess of acetyl 
chloride to convert the hydroxyl end groups of the 
polymer to actate groups. The acetylated polymer 
(288g) was mixed with 500 ml 1 , 1 , 2 - tr ichloro tr i - 
fluoroethane and was slowly pumped into a 10 liter 



BNSDOCID: <WO 9003353A1 I > 



WO 90/03353 PCT/US89/042S1 



10 



34- 



reactor containing 5 liters of 1,1, 2-tricblorotri- 

fluoroethane' and 1400g of sodium fluoride powder. 

The reactor temperature was maintained at 5°C while 

20% fluorine was metered into the reactor at a rate 

sufficient to react with the organic being 

delivered. Following the reaction, the product was 

filtered to remove the sodium fluoride a*id the 

filtrate was concentrated to give 700g of a fluori* 

nated oil (81% yield) which was treated for 12 hours 

at 270° C with 30% fluorine to remove any remaining 

hydrogens and to convert the terminal esters to 

nonreactive per f luoroalkyl groups* Approximately 

40% of the oil distilled between 200 and 300°C at 

19 

0.05 mm Hg. The average molecular weight by F NMR 
end group analysis was 3054, The fluid had a pour 
point of -50°C. 

Viscosity of 
Perf luoropoly ( tetramethylene ether) glycol 

20 Temperature Viscosity Slope 

1C (est..,) ASTM #D341 

20 164.9 

80 14.61 -0.654 

150 3.29 



15 
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19 F NMR data for 
Perf luoropoly ( tetrame thylene ether) glycol 



Structure 



S (Multiplicity) J(F-F) 
££in_V£_CFCl 3 Hz 



Rel. Inten. 
% 



10 



CF 3 0 -55.7 (t) 

G -3 CF 2 CF 2° -81.9 (t) 

OCF 2 CF 2 CF 2 CF 2 0 -83.3 (s) 

CF 3 GF 2 CF 2 0 -84.3 <m) 

CF 3 CF 2 0 -87*3 (s) 

CF 3 CF 2 0 -88.5 (p) 

OCF 2 CF 2 CF 2 CF 2 0 -125.7 (s) 

CF 3 CF 2 CF 2 0 -130.0 (s) 



18,3 
7.3 



0, 
4, 

42, 
3. 
0, 
0, 

42. 



3.3 



Anal. Calcd. for CF 3 CF 2 CF 2 0 ( CF 2 CF 2 CF 2 CF 2 0) 12 5 « 
CF 2 CF 2 CF 3 : 

15 C ( 22.00; F, 70.92. Found: C,. 21.87; F f 70.02 



Example_14 

Using the procedures outlined in Example 9, a 
solution consisting of 280g of poly (tetrame thylene 
ether) glycol (terminal groups treated with acetyl 

20 chloride to give a diester) having an average 

molecular weight of 2000 and 550 ml of 1,1,2-tri- 
chlorotrif luoroethane was slowly metered, over a 32 
hour period, into a 5°C fluorination reactor con- 
taining 5 liters of 1 , 1 , 2 - trichlorotr if luoroethane 

25 and 1400g of sodium fluoride powder. Upon com- 
pleting the reaction, the reactor was purged with 
several volumes of nitrogen to remove the unreacted 
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fluorine gas. Methanol (150g) was added to the 
reactor. The reactor contents were filtered to give 
a clear filtrate which upon removal of the 
l,l r 2- trichlorotrif luoroe thane and unreacted 
5 methanol via a distillation gave a nearly 

quantitative yield of perf luoropoly ( tetramethylene 
ether) dimethyl ester (mw 4250) . 

Example _1 5 

Into a 500 cc stainless steel pressure vessel 

10 were placed 250g 1, 2-epoxybutane and Ig ferric 

chloride catalyst. The reactor was rocked in an 
80° C oven for approximately 96 hours during which 
time the epoxide polymerized to give a high 
molecular weight semisolid. The polymer was 

15 dissolved in 1 liter of 1 , 1 , 2 - tr ichloro - 

trif luoroe thane and pumped into a fluorination 
reactor using the procedures outlined in Example 9. 
The reactor, which contained 5 liters of 
1 , 1 1 2 - trichlorotrif luoroethane and 1250g sodium 

20 fluoride powder, was held at 0°C with a constant 

temperature bath. Following the 22 hour reaction, 
750g of fluid was recovered which was further fluor- 
inated at 300° C with 30% fluorine for an additional 
24 hours to give 660g of fluid (88% yield). Ap- 

25 proximately 220g of fluid distilled between 200 and 

300°C at reduced pressure (0.05 mm Hg) with a- 

pproximately equal amounts boiling below and above 

that range. The average molecular weight of the 

19 

mid- fraction was 1850 (by F NMR end group 
30 analysis). The fluid had a pour point of -9°C. 
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Viscosity Of Perfluoropoly(l, 2 - epoxy butane ) 
bp>200°C and <300°C @ 0.05 mm Hg 



Temp 



Viscosity 
(est. ) 



S lope 
ASTM #D341 



20 
80 
150 



5688 
72 . 9 
6.52 



-0.725 



19 



F NMR of Perf luoropoly (1 , 2-epoxybutane) 



1 0 Structure 

CF 2 CF(C 2 F 5 )0 
CF 2 CF(CF 2 CF 3 )0 
CF 3 CF 2 CF 2 0 
CF 3 CF 2 CF 2 0 
CF 2 GF(CF 2 CF 3 )P 
CF 3 CF 2 CF 2 G 
CF 2 CF(C 2 F 5 )0 



15 



20 



^(Multiplicity) 
ppm v s CFC1 3 



Rel. Inten, 
% 



77.3, -80.0, 82.2 
-81.0 <s) 
-82.0 (m) 
-84.7 (m) 
-120 to 127 
-130.3 
-141.2 (m) 



23 
35 

4 

2 
23 

2. 

7 , 



25 



Exam£le_16_ 

A potentially useful nonflammable hydraulic 
fluid was prepared by placing in a 3 liter, 3 neck 
flask equipped with a mechanical stirrer, 80g 
2 - chloroethanol (1.0 mol) and 1 ml boron 
tr if luoride - e therate , To this solution, 462g 
ep ichlorohy drin (5.0 mol) was added over a one hour 
period while the reaction temperature was maintained 
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below 50° C throughout the addition. The mixture was 
stirred for an additional 12 hours at ambieTit 
temperature resulting in the formation of a very- 
viscous fluid. The product (403g) was dissolved in 

5 164g chloroform containing 405g 1 , 1 , 2- tr ichlorotri- 
f luoroethane . This solution was metered into an 
18° C reactor which contained 5 liters of -1,1,2- 
trichlorotrif luoroethane Fluorine gas (20%) was 
introduced at a rate which was approximately 5% 

10 greater than the theoretical amount required to 
react with all of the hydrogens on the material 
entering the reactor. Upon completion of the 
reaction which lasted approximately 20 hours, the 
reactor was purged with nitrogen to remove the 

15 unreacted fluorine gas. 

Distillation of the product to remove the 
fluorination liquid gave 620g of a perf luor inated 
fluid having substantially the following structure: 



z Z z j n z z 
CF 2 C1 

M.W. 848; Density (37.8°C): 1.7973 g/ml 
Bulk modulus (37.8"C and 3,000 PSIG) : 129,700 PSIG 
Elemental Analysis: Calculated for an average 
25 structure Cj^jF^^Cl^jOtCjPjCloyj^jC^^^^." 

C1 0.8 

C, 18.92; F, 53.98; CI, 1944 

Found: C, 18.86; F, 51.15; CI. 18.26% 
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A further treatment of the above product with 30% 
fluorine at 225°C converted the carbonyl to a di- 
f luoromethy lene group (618g). Following treatment 
of the product at elevated temperatures with 

5 fluorine the product was distilled. The portion 
boiling between 50°C and 150°C at 2mm Hg was 
collected (80% of the sample) and was shown to be a 
very promising hydraulic fluid candidate. The bulk 
modulus of the material was measured using an 

10 isothermal secant method. The following results 
were obtained. 

Ferf luoropolyepichlorohydrin Type I Bulk Modulus 

M fi @ PSI 

°F @ P SI 1000 2000 3000 4000 



15 100°F 129,500 136,700 138,600 145,100 

150°F 180,700 104,200 109,700 115,400 

Viscosity of Per f luoropolyepichlorohydrin Type 1 

Hydraulic Fluid (monochloro end group) 

20 l£HE_lZ yiscqsity (est, ) 

-65 1198 
100 3.5 
17 6 1.42 
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E xampl e 17 

A high molecular weight perf luoropolyepichloro - 
hydrin fluid, having properties similar to those 
required for a vacuum pump fluid, was prepared by 

5 reacting 50g 2 -chloroethanol (0.63 mol) with 462g 
epichlorohydr-in (5.0 mol) using a catalytic amount 
of SnCl^. The product (402g) , diluted wijth 275g 
chloroform and 175g 1,1, 2- trichlorotrif luoroethane , 
was metered into a fluorination reactor over a 20 

10 hour period. The reactor, a 10 liter stirred tank, 
contained 5.7 liters 1 , 1 , 2- trichlorotrif luoroethane . 
During the course of the reaction the temperature 
was maintained near 20 °C while 20% fluorine was 
delivered to the reactor at a rate sufficient to 

15 react with all of the hydrogens on the product being 
pumped in. The fluorinated product (573g, 89.8% 
yield) was separated from the solvent via an 
atmospheric distillation. The product was treated 
at 200 °C for 12 hours to remove any residual 

20 hydrogen and to convert any carbonyl groups present 

to dif luorome thylenes . The portion of the product, 

approximately 25% , having a boiling point between 

200 and 300°C at 0.05 mm Hg was collected. The 

19 

average molecular weight by F NMR end group 
25 analysis was approximately 3000. The fluid had a 
pour point of -22°C. 
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Viscosity Of Pe r f luor op olyep ichlorohydr in 
Vacuum Pump Fluid 



Temp. Viscosity Slope 

Xl£2 lc_s t^2__ ASTM_#D341> 

5 20 953.7 

80 26,54 0.763 

150 4.11 



F NMR of fraction boiling between 200 and 300°C at 
0.05 mm Hg (8 ppm vs CFCl^); 

10 -53.3(f), -67.2(e), -68.6(i) v -74.2(a), -77.0 & 
-81.0(c), -79.0(g), -87.3(b), -123.7(h), and 
-139.3(d). 

CF 2 ClCF 2 0[CF 2 CF(CF 2 Cl)0] n -CF 3 or -CFgCFgCF^l 
abcde f ghi 

15 or CF 2 CF 2 C1 

Example 18 

Into a 10 liter, 3 neck flask equipped with a 
mechanical stirrer were charged 860g 1 , 3 - dichlor o - 
2-propanol (617 mol) and 4 ml boron trifluoride- 
20 etherate. To this solution was added 1.8 Kg epi- 
chlorohydrin (20 mol) over a 2 hour period as the 
temperature was maintained below 50°C throughout the 
addition with a water bath. The mixture was stirred 
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for an additional 12 hours at ambient temperature 
resulting in a very viscous oil. 

A portion of the above epichlo r ohydr in telomer 
(l,660g) was dissolved in 164g chloroform containing 

5 405g 1 , 1 i 2- trichlorotrif luoroethane . The solution 
was metered into a 10 liter stirred fluorination 
reactor containing 5.0 liters of 1 , 1 , 2- trichlorotr 1- 
f luoroethane . The reactor was held at 20°C through- 
out the addition as fluorine gas (20%) f diluted with 

10 nitrogen, was delivered at a rate slightly above 

that required to theoretically react with all of the 
organic feed. The reaction was complete in 36 
hours. The crude product was recovered from the 
solvent by an atmospheric distillation. Treatment 

15 of the product with 30% fluorine at 200° C for 12 

hours resulted In 4100g of an inert fluid of which 
approximately 80% boiled between 50 and 150* C at 2mm 
Hg. 

19 

The fluid was shown by F NMR end group 
20 analysis to have an average molecular weight of 850. 

Density (37.8°C): 1.7966 g/ml 

Bulk modulus (37.8°C and 3,000 PSIG) : 135,400 PSIG 
Elemental analysis calculated for an average 
structure of: 

25 C 2.31 F 4.46 C1 1.15 0<C 3 F 5 C10) 2.89 C 2.31 F 4.46 C1 1.15 
C, 18.77; F, 52.26; CI, 21.65 

Found: C, 18.85; F, 53.13; CI, 21.51% 



♦ 
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Viscosity of Perf luoropolyepichlorohydrin Type II 
Hydraulic Fluid (Dichloro end group) 

Temp Viscosity 
1111 „Xcst^l„ 

5 -65 1130 

100 3.35 

19 

F NMR (6 ppm vs CFClg) 

-53.3(f), -65.6(a), -67.2(e), -68.6(k), -74.3(h), 
-77.0(c), -79.0(i), -87.3(g), -123. 7(j), -135.2(b) 
10 and -139.3(d) . 

<CF 2 Cl) 2 CFO[CF 2 CF(CF 2 Cl)01 n - CF 3 or-CF^F^O or 
a bcde f g h 

" CF 2 CF 2 CF 2 CO 



1 5 E x am^ 1 e _ 1 9 

Trichloropentaerythritol was prepared by 
bubbling hydrogen chloride gas into a mixture of 
600g acetic acid and lOOg of water at 0°C until 176g 
had been absorbed (4.9 mol). This mixture was 

20 charged into an autoclave along with 200g pentaery- 
thritol (1.5 mol). The autoclave was sealed and 
heated to 160*C for 8 hours. Upon completion of the 
reaction, the autoclave was cooled to room temper- 
ature and the reaction mixture was diluted with 

25 water. Tr ichl oropentaery thr i tol acetate was 

isolated by extraction with methylene chloride. The 
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solvent was removed and the residual oil was re- 
fluxed overnight with 500 ml of methanol and 50 ml 
of concentrated hydrochloric acid. Trichloro- 
pentaery thritol crystallized from the solution as 

5 the methanol and methyl acetate was slowly removed 
by distillation. The crude product (275g) has a 
melting point of 60°C. 

A 3 liter flask was charged with* 267g of tri- 
chloropentaerythritol and 1 ml of boron trifluoride- 

10 etherate. To this was added 347g of epichlor ohydrin 
(3.75 mol) dropwise over a one hour period while the 
reaction temperature was maintained below 50°C 
throughout the addition. The mixture was stirred 
for an additional 12 hours at ambient temperature 

15 resulting in a viscous oil. 

The product (612g), diluted with 210g of 
chloroform and 217g of 1 , 1 , 2 - tr ichloro trif luoro - 
ethane, was fluorinated in the usual manner in a 
20"C reactor containing 3.7 liters of 1,1,2- 

20 trichlorotrif luoroethane . The reaction was complete 
in approximately 30 hours. The fluid (l,460g) was 
stabilized by treatment with 30% fluorine for 12 
hours at 210°C. The fluid was distilled and the 
portion boiling between 170 C C and 230°C at 50 mm Hg 

25 had a viscosity suitable for hydraulic fluid appli- 
cations. Average molecular weight of the product 
was 855. 
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Viscosity of Perf luoroepichlorohydrin Type III 
Hydraulic Fluid (Trichloro end groups) 



Temp 
1111 



Viscos ity 
(est. ) 



-65 
104 
176 



19 



F NMR (6 ppm vs CFCl^ 



-48.7(a). -53.3(f), -67.2(e), 
10 -77.0(c), -78.8(1), -80.6(b), 
and -140(d). 



1150 
3 . 06 
1.46 



■68.5(k), -74.3(h), 
■87.3(g), -123. 8(j) 



15 



(CF 2 C1) 3 C CF 2 0[CF 2 CF(CF 2 Cl)0] n -CF 3 or -CF 2 CF 2 C1 or 
a be de f gh 



-CF 2 CF 2 CF 2 C1 



Example 20 

Butoxyethoxyethanol (300g, 1.85 mol) was 
treated with 200g acetyl chloride (2.54 mol) to give 
an ester which was separated from the product 

20 mixture by distillation. A portion of the product 
(250g) was diluted to a volume of 610 ml with 
1 , 1 , 2 - trichlorotrif luoroethane , then pumped into a 
-10°C reactor over a 23 hour period. Fluorine gas, 
diluted with nitrogen, was delivered to the reactor 

25 which contained 5 liters of 1 , 1 , 2- trichlorotri - 
f luo roe thane and 1200 g sodium fluoride powder. 
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Upon completion of the reaction, 160g methanol was 
pumped into the reactor to give the methyl ester 
which is considerably more hydroly tically stable 
than the perfluoro ester made in the reaction. The 
5 product (M.W. 460) was obtained in 96% yield. 



U 

CF 3 CF 2 CF 2 CF 2 OCF 2 CF 2 OCF 2 C<5CH 3 

Ex£nL£ie_21 

A diacetate ester of tetrae thylene glycol was 

10 prepared by slowly adding 600g acetyl chloride to 
500g tetraethylene glycol in a stirred 2-liter 
flask. Upon addition of the acetyl chloride, the 
reaction mixture was heated to 50°C and held at that 
temperature for 24 hours. Dry nitrogen was bubbled 

15 through the flask for 24 hours to remove the 

hydrogen chloride, then the product was distilled to 
give a quantitative yield of the desired product. 

The product from the above reaction (247. 7g) 
was fluorinated in a reactor containing 5 liters 

20 1 , 1 , 2 - tr ichlorotr if luoroethane and 120g sodium 

fluoride. The reactor was held at -10°C for ap- 
proximately 20 hours as the organic was slowly 
pumped into the reactor. Upon completion of the 
addition, the unreacted fluorine was swept from the 

25 reactor with nitrogen gas and 200g of methanol was 
added to give the following product in 93% yield 
(M.W. 466). 

19 F NttR (6 ppm vs CFC1.) : -77.6(a) and -88.4(b). 
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8 « 

CH 3 OCCF 2 0(CF 2 CF 2 0) 2 CF 2 COCH 3 
abb a 



The above product was reduced with lithium aluminum 
5 hydride in tetrahydrofuran to give the expected 
methylol derivative in approximately 90% yield. 



Example 22 

A diacetate ester of triethylene glycol was 
prepared by slowly adding 400g acetyl chloride (5.1 

10 mol) to 300g triethylene glycol (2.0 mol) in a 

stirred 1 liter flask. The reaction mixture was 
kept below 50°C throughout the addition. The 
product was recovered by first bubbling dry nitrogen 
through the solution to remove most of the hydrogen 

15 chloride followed by a distillation. 

The product from the above reaction (250g) was 
diluted to 600ml with 1 , 1 , 2 - trichlorotrif luoroethane 
then pumped into a -20°C reactor containing 5 liters 
of 1 , 1 f 2 - trichlorotrif luoroethane and 1200g sodium 

20 fluoride powder. Fluorine, diluted with nitrogen, 
was bubbled through the liquid fluorination medium 
throughout the addition which required approximately 
18 hours. After purging the reactor for approxi- 
mately 30 minutes, 240g methanol was added and the 

25 reactor was warmed to room temperature. Distil- 
lation of the reactor contents gave 355 grams (95% 
yield) of a product with the following composition. 

19 F NMR (6 ppm vs C FC1 ) : - 7 7 . 6 ( a ) and -88.3(b) 
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GH 3 oicF 2 OCF 2 CF 2 OCF 2 l!oCH 3 
abb a 

The dimethyl ester was reduced with lithium aluminum 
anhydride to give the methylol derivative. 

19 F NMR (6 ppm vs CFC1 3 ) : - 80 . 3 < a) and -89 /0(b) 

HOCH 2 CF 2 OCF 2 CF 2 OCF 2 CH 2 OH 
abb a 



Ex a mple 2 3 

10 A 200g sample of polypropylene glycol having an 

average molecular weight of 425 was diluted to 350 
ml with 1 , 1 , 2- trichlorotrif luoroethane and slowly 
pumped into a 20°C fluorination reactor over a 22 
hour period . The reactor contained 4 liters of 

15 1,1,2- trichlorotrif luoroethane as the fluorination 

liquid. In a separate vessel, lOOOg sodium fluoride 
pellets were placed . A teflon- diaphragm air pump 
was used to circulate the gases present in the 
reactor through the sodium fluoride bed and back 

20 into the fluorination reactor . Gas velocities in 
the recirculating loop of approximately 10 to 20 
liters per minute were sufficient to sweep out most 
of the hydrogen fluoride formed in the reaction so 
that reasonable fluorination yields could be 

25 achieved. Following the reaction, 307g of product 
(H.W. 1200) was isolated by distillation (53.7%). 
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In an experiment similar to the one previously 
derscribed, 202g polypropylene glycol (425 MW) was 
fluorinated in a reactor containing 3.7 liters of 

5 1 , 1 , 2 - tr ichloro tr if luoroethane . Once again, lOOOg 
sodium fluoride pellets were placed in a container 
which was connected to the fluorination reactor by a 
circulating gas loop. The reaction temperature was 
increased to 30°C to see if the hydrogen fluoride 

10 could be removed more efficiently. The product 
(356g) was isolated in 62.2% yield. 

Unlike the isotactic perf luoropoly (propylene 
oxide) which can be made by polymerizing hexafluoro- 
propylene oxide, the per fluorinated fluids described 

15 in this example and the previous one were atactic 
polymers of hexaf luor ©propylene oxide. The hexa- 
f luoropropy lene oxide units were attached in a head 
to tail, head to head and tail to tail fashion. 
Because of the random structure of these fluids, 

20 sightly improved low temperature properties were 
typically obtained . 

To a stirred solution consisting of 194g tetra- 
ethylene glycol (1.0 mol) and 4.0g of 50% sodium 

25 hydroxide was added lllg aery lonitr ile (2.1 mol). 

The reaction mixture was stirred for three hours at 
room temperature. 500 ml ethanol was added to the 
mixture followed by the slow addition of 214 ml of 
concentrated sulfuric acid (4.0 mol). Upon com- 

30 pletion of the addition, the mixture was refluxed 
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for seven hours, cooled, then filtered to remove the 
precipitated solids (NH^HSO^) . The solids were 
washed with ethanol and the organic phase was 
combined with the ethanol rinse solution to give a 
5 mixture which upon distillation yielded a product 
with the following structure (90% yield). 



10 10°C reactor containing 5 liters of 1 , 1 , 2- tr ichloro 
tr if luoroe thane and 1200g sodium fluoride, followed 
by treatment with methanol gave 568g of fluid (M.W. 
798) having the following structure (92% yield) . 



E xa mple^ 26 

In an experiment similar to the previous one, 
194g te traethylene glycol (1 . 0 mol) was reacted with 
140g methacrylonitrile (2*1 mol) in the presence of 

20 4.0g 50% sodium hydroxide . Treatment of the 

resulting dinitrile with ethanol and concentrated 
sulfuric acid yielded the diethyl ester . 

Fluor inat ion of the dies ter ( 300 g) using a 
fluorination procedure similar to that described in 

25 the previous example gave 630g of the product shown 
below (91% yield) . 




Fluorination of 305 grams of the polyether in a 



15 



0 0 

II U 
CH 3 0CCF 2 CF 2 0(CF 2 CF 2 0) CF 2 CF 2 COCH 3 
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0 0 
II II 
CH 3 0CCFCF 2 O(CF 2 CF 2 0) 4 CF 2 CFGOCH 3 

CF 3 CF 3 

Example 27 

Using the procedure outlined in Example 25 , 
dipropylene glycol methyl ether was treated with 
acetonitrile to give a material which upon treatment 
with ethanol in the presence of sulfuric acid gave 
of material having the following structure: 

CH 3 CH 3 
CH 3 OCH 2 CH0CH 2 GHOCH 2 CH 2 C(O)0C 2 H 5 



Fluorination of 213g of the material in a -10°C 
reactor containing 5,3 liters of 1 , 1 , 2 - trichloro- 
tr if luoroethane and 1050g of sodium fluoride powder 
15 gave a perf luor inated ester which upon treatment 
with methanol gave 25fig of a functional fluid 
corresponding^ to the following structure. 



CF 3 0(CF 2 CFO) 2 -CF 2 CF 2 C(0)OCH 3 
20 bp 75°C/15mm Hg 
Exam2le_28 

Cyclohexene oxide (250g) was polymerized in 1 
liter of n-hexane at -0°C using a catalytic amount 
of trie thylaluminum . The reaction was complete in 
25 approximately 1 hour. The polymer was first washed 
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with concentrated HC1 , then water followed by 
several rinses with methanol. 

Fluorination of the polymer (205g) using the 
fluorination techniques outlined in previous 
5 examples gave 413g of a perf luorinated fluid (71% 
yield) . 

Example 29 

200g polyoxetane was diluted to a volume of 500 
ml and was slowly pumped into a 20° C fluorination 

10 reactor containing 5 liters 1 f 1 , 2 - tr ichlorotri-, 

fluoroethane and lOOOg sodium fluoride powder. The 
polymer was prepared via a ring opening polymeri- 
zation of oxetane or by dehydration of 1,3-pro- 
panediol. The f luorinated product, 335g, was 

15 recovered by first removing the sodium fluoride by 
filtration followed by distillation to remove the 
fluorination solvent. 

19 

F NMR of a sample having a boiling point of 
200-300°C/0.05 mm Hg: 

20 (6 ppm vs CFC1 3 ) -83.3 (s,a), -129.2 (s,b) 

-<CP 2 CF 2 CF 2 0> n - 
aba 

Example 30 

Into a 1 liter stirred flask equipped with a 
25 water separator were placed 500 g diethylene glycol 
(4.7 mol), 90 g diethyl n glycol methyl ether 
(10.75 mol), 225 g paraf rmaldehyde (7.5 mol), 150 
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ml toluene and 5 g ion exchange resin (H + form)* 
The mixture was refluxed for several hours to remove 
the water formed during the reaction. The solution 
was first filtered to remove the ion exchange resin, 

5 then distilled to 150°C at 0.05 mm/Hg to remove the 
toluene and other lights. A nearly quantitative 
yield of polymer having an average molecular weight 
of 1500 was obtained. 

320 g of polymer, mixed with 170 g chloroform 

20 and 300 g 1 , 1 , 2 - tr ichloro tr if luoroe thane was slowly 
pumped over a 23 hour period into a 15 liter stirred 
fluorination reactor containing 6 liters of 
1, 1,2-trichlorotrifluoroethane and 1300 g of sodium 
fluoride powder. 20% fluorine was bubbled through 

25 the liquid fluorination medium at a rate 15% higher 
than that required to theoretically replace all of 
the hydrogen on the hydrocarbon being pumped into 
the reactor. The reactor temperature was maintained 
between 0 and +10°C throughout the reaction. 

20 Following the reaction, the reactor contents were 

filtered and the liquid fluorination medium (1, 1, 

2- tr ichlorotrif luoroethane) was removed from the 

filtrate via an atmospheric distillation to 120°C to 

give 535 g of crude fluid (66%). Fluorination of 

25 the fluid at 260*C gave a clear, colorless fluid 

19 

which was shown by elemental analysis and F NMR to 
have the following structure; 

(CF 2 CF 2 0CF 2 CF 2 0CF 2 0) n 
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Example 31 

400 g butoxyethoxyethanol (2.5 mol) , 48 g 
paraformaldehyde (1.6 mol), 300 ml benzene and 5 g 
ion exchange res in (acid form) were placed in a 1 

5 liter stirred flask. A water separator attached to 
a reflux condenser was used to collect the water 
produced as the alcohol and aldehyde reacted . After 
approximately 6 hours, the reaction wa"s complete and 
the solution was filtered to remove the res in . 

10 Vacuum distillation of the solution to 120° C gave 

414 g of a product (99% yield) which was essentially 
free of benzene and unreacted s tar ting materials . 

The hydrocarbon product was fluorinated in a 22 
liter stirred tank reactor which contained 6 liters 

15 of 1 , 1 f 2- trichlorotrif luoroethane and 1300 g sodium 
fluoride powder . A gas dispersion tube in the 
bottom of the reactor provided an inlet for the 
fluorine and nitrogen gasses. 275 grams of the 
hydrocarbon reactant was diluted with 1,1,2-tri- 

20 chlorotr if luoroethane , in a separate vessel, to give 
a total volume of 700 ml. This solution was metered 
into the fluorination reactor over a 20 hour period. 
The reactor temperature was maintained at 0 ° C with 
external cooling throughout the reaction while the 

25 fluorine flow was set at a level 10% higher than 
that required to theoretically replace all of the 
hydrogens on the material entering the reactor . 
Upon completion of the reaction, the fluorine was 
turned off, the reactor was removed from the low 

30 temperature bath and purged for 30 min with nitrogen 
(2 liters/min) to remove the unreacted fluorine. 
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Filtration of the reaction product followed by 
distillation to remove the 1 , 1 , 2 - trichloro tr if luoro - 
ethane gave 642 g of a highly fluorinated fluid (80% 
yield). Treatment of the fluid at 260°C with 30% 
5 fluorine for several hours gave a perf luor inated 
fluid having essentially the following structure: 

CF 3 CF 2 CF 2 CF 2 OCF 2 CF 2 OCP 2 CF 2 OCF 2 0-CF 2 CF 2 OCF 2 CP 2 OCF 2 CF 2 - 
CF 2 CF 3 

The elemental analysis was consistent with the 
10 formula: 

C 17 F 36V 
b.p. 226. 5°C 

19 F NttR (5 ppm vs CFCl^): 

-89.0, -90.7: CF 2 CF 2 0; -51.8: CF 2 0; -81.8, -83.7, 
15 -126.7: CF 3 CF 2 CF 2 CF 2 0. 

A mixture of 400 g triethylene glycol monoethyl 
ether (2.2 mol) , 48 g paraformaldehyde (1.6 mol), 
150 ml toluene and 10 g of an acid ion exchange 

20 resin was refluxed for 6 hours in a 1 liter flask 
equipped with a water separator and reflux con- 
denser. Filtration of the product followed by 
distillation gave a quantitative yield of the 
desired product. 

25 Fluorination of 201 g of the material in a 

stirred liquid fluorination reactor containing 6 
liters of 1 , 1 , 2 - trichloro trif luoroethane and 1055 g 
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sodium fluoride gave 401 g fluid in an 18 hour 
reaction at 0*C. Distillation of the crude product 
mixture gave 355 g of the perf luor inated fluid: 

CF 3 Cr 2 OCF 2 CF 2 OCF 2 CF 2 OCF 2 CF 2 OCF 2 OCF 2 CF 2 OCF 2 CF 2 OCF 2 - 
5 CF 2 OCF 2 CF 3 

C 17°8 F 36 
b.p. 217°C 

19 F NMR (S ppm vs CFClj): 

-51.7:CF 2 0; -87.3, -90.7:GF 3 CF 2 ; ' -88.7. CF 2 CF 2 0, 

10 Example 33 

Into a 1 liter flask were placed 600 g tri- 
ethylene glycol butyl ether (2.91 mol) f 74 g para- 
formaldehyde (2.46 mol), 150 ml benzene and 10 g of 
an acidic ion exchange resin. The mixture was 

15 refluxed for 5 hours as water was removed as the 

water/ benzene azeotrope. Filtration of the product 
and removal of the benzene by distillation gave a 
90% yield of the polyether. 259 grams of the 
product was diluted with 400 ml 1 , 1 , 2 - trichlorotr i- 

20 fluoroethane and was slowly metered into a 10°C 
reactor containing 5.7 liters of 1 , 1 , 2 - trichloro - 
tr if luoroethane and 1200 g sodium fluoride powder. 
A fluorocarbon fluid (660 g, 88,7% yield) was 
obtained following filtration and removal of the 

25 1 , 1 , 2- trichloro trif luoroethane . Fluorination of the 
fluid at 220°C with 30% fluorine for 12 hours 
followed by distillation gave the following fluid in 
60% yield: 
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CF 3 CF 2 CF 2 CF 2 OCF 2 CF 2 OCF 2 CF 2 OCF 2 CF 2 OCF 2 OCF 2 CF 2 OCF 2 CF 2 - 



OCF 2 CF 2 OCF 2 CF 2 CF 2 CF 3 
b.p, 262°C 

19 F NMR (S ppm vs CFC1 3 >: 
5 -88.7, -90.5:CF 2 CF 2 O; -51.7:CF 2 0; -81.6, -83.4, 
- 126 . 5 : CF 3 CF 2 CF 2 CF 2 0 . 

Exampl e 34 

Into a stirred 1 liter flask equipped with a 
water separator were charged 3 50 g te trae thylene 

10 glycol butyl ether (1.40 xnol) , 35 g paraformaldehyde 
(1.18 mol) , 200 ml benzene and 10 g ion exchange 
resin. The mixture was refluxed until the water 
production ceased* Filtration of the product 
followed by removal of the lights via a vacuum 

15 distillation to 140°C gave 343 g of a light yellow 
fluid. 

A 306 g sample of the fluid was diluted with 
450 ml of 1 , 1 ,*2 - trichloro trif luoroethane and slowly 
pumped into a -6*C reactor over a 23 hour period. 

20 The reactor contained 1450 g of sodium fluoride 

powder to react with the hydrogen fluoride formed 
during the reaction along with 6 liters of 
1 , 1 , 2 - trichlorotr if luoroethane . Filtration of the 
product followed by distillation gave 736 g of 

25 fluid. 

Treatment of the fluid at 250°C with 30% 
fluorine gave a clear, odorless fluid which upon 
distillation gave a 52% yield of a material having 
the following structure : 
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CF 3 CF 2 CF 2 CF 2 OCF 2 CF 2 OCF 2 CF 2 0CF 2 CF 2 OCF 2 CF 2 0CF 2 0CF 2 CF 2 - 
OCF 2 CF 2 OCF 2 CF 2 OCF 2 CF 2 OCF 2 CF 2 CF 2 CF 3 

b.p. 296. 7°C 

19 F NMR (S ppm vs CFC1 3 ) : 
5 -51.8':CF 2 0; -88.8, - 90 . 6 : CF 2 CF 2 0 ; -81.7, -83.6, 
-126 . 7 : CF 3 CF 2 CF 2 CF 2 0 . 

Example 3 _5 

In a similar experiment, 400 g tetraethylene 
glycol (2.06 mol) , 109 g paraformaldehyde (3,62 

10 mol), 17 g triethylene glycol methyl ether (0.103 

mol) , 150 ml benzene and 5 g ion exchange resin were 
allowed to react in a 1 liter flask containing a 
water separator. After 6 hours, the contents of the 
flask were filtered and the lights were removed via 

15 a vacuum filtration. A 265 g sample of the polymer 
was mixed with 160 g chloroform and 285 g 1,1,2-tri- 
chlorotrif luoroethane . The polymeric solution was 
metered, over a 22 hour period, into a stirred 10 
liter fluorination reactor which contained 1150 g 

20 sodium fluoride powder and 4.5 liters of 1,1,2-tri- 
chlorotrif luoroethane . The reactor was maintained 
at 7°C while 20% fluorine (diluted with nitrogen) 
was metered into the reactor at a rate sufficient to 
react with all of the organic entering the reactor. 

25 Upon completion of the reaction, the solution was 
filtered and the liquid fluorination medium was 
removed via a distillation yielding 422 g (62% 
yield) of a clear, stable fluid. Th product was 
fractionated into three samples, one which boiled 
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below 200 e C at 0.05 mm Hg (40%), a second which 

boiled between 200 and 300°C at 0.05 mm (35%) and a 

third having a boiling point above 300°C at 0.05 mm 

Hg (25%). The intermediate fraction had a viscosity 

5 of 33.1 est. at 20°, 6,3 est. at 80° and 2,13 est. 

at 150 # C and an average molecular weight of 2560 by 
19 

F NMR. The pour point was -79°C. The analysis 
was consistent with the formula: 

(CF 2 CF 2 OCF 2 CF 2 OCF 2 CF 2 OCF 2 CF 2 OCF 2 0) n 

10 19 F NMR (6 ppm vs CFClj) 

-51.8:CF 2 .0; -56.0;CF 3 <>; -88,8, - 90 . 6 : CFjCFjO . 
Anal. Calcd. for c g?i$° 5 : 20.4, C; 64.5, F. 
Found. 21.0, C; 65.1, F. 

15 Dipropylene glycol methyl ether (300 g, 2.04 

mol), 60.8 g paraformaldehyde (2.03 mol), 100 ml 
toluene and 5 g of an acid catalyst were mixed in a 
stirred 1 liter flask. After refluxing for 12 
hours, the solution was filtered and distilled to 

20 give 203 g of a fluid which boiled at 140°C at 0.05 
mm Hg. The fluid (200 g) was mixed with 300 ml 
1 , 1 , 2 - trichloro trif luoroethane and 950 g sodium 
fluoride powder. The reaction was complete in 18 
hours after which time the solution was filtered and 

25 distilled to give 405 g of a clear liquid having the 
following structure (71% yield) : 

CF 3 0C 3 F 6 OC 3 F 6 OCF 2 0C 3 F 6 0C 3 F 6 OCF 3 
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The fluid contains CF (CF 3 > CFgOCF ( CFg ) CFjO , 
CF(CF 3 )CF 2 .OCF 2 CF(CF 3 )0 and CF 2 CF ( CF 3 ) OCF ( CF^ ) CF 2 0 
linkages. The structure was confirmed by * F NMR 
and elemental analysis: 

5 19 F NMR (S ppm vs CFC1 3 ) : -47 . 6 : C£ 3 0 ; - 54 . 0 : CF 2 0 ; 

-80.0:CF(CF 3 )CF 2 O; -82 to - 87 : CF (CF 3 ) CFjO 140 to-150: 
CF(CF 3 )CF 2 0. 

Example 37 

A mixture of 300 g trip ropy lene glycol methyl 
ether (6.46 mol) f 33.7 g paraformaldehyde (1.12 
mol) , 150 ml benzene and 3 g ion exchange resin was 
refluxed for 6 hours in a 1 liter flask equipped 
with a water separator and reflux condenser. 
Filtration of the product followed by vacuum dis- 
tillation o f the lights gave 16 6 g of a product with 
a boiling point above 150° C at 0.05 mm Hg . 

Fluorination of 145 g of the material, dis- 
solved in 450 ml 1 , 1 , 2 - tr ichloro tr if luoroethane , in 
a stirred fluorination reactor containing 6 liters 
of 1 , 1 , 2 - trichlorotrif luoroethane and 700 g of 
sodium fluoride gave 244 g of a fluorocarbon product 
in a 20 hour reaction at -3 # C. Distillation of the 
product gave 180 g of the perf luor inated fluid; 

CF 3 0(CFCF 2 0) 3 CF 2 (OCFCF 2 )OCF 3 
CF 3 CF 3 

25 where the hexaf luor op ropy lene oxide units are 

attach d randomly in a head to head, h ad to tail 
and tail to tail fashion. 
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19 F NMR (5 ppm vs CFCl 3 ) : - 47 ♦ 3 , - 5 6 . 0 : CF 3 0 ; - 
54.0:CF 2 O; -80.0 CF(CF 3 ) CFjO ; - 83 . 0 , - 
85.3: CF(CF 3 )CF 2 0; -145 . 3 , -146 . 0 : CF < CF 3 ) CFgO . 

b.p. 260. 0°C. 

5 Exajnple_3 8 

A mixture of 400 g dipropylene glycol (3 
mol) , 358 g paraformaldehyde (12 mol) , 150 ml 
toluene and 10 g ion exchange resin was refluxed for 
5 hours in a stirred 1 liter flask equipped with a 

10 water separator. The ion exchange resin was removed 
prior to distillation of the mixture to 150°C under 
a full vacuum to remove any low molecular weight 
polymer. Approximately 200 g of polymer remained in 
the flask which was shown by gel permeation 

15 chromatography to have an average molecular weight 
of approximately 3000. 

The polymer, 280 g, was mixed with 340 ml 
1,1,2- trichlofbtrif luoroethane and was slowly pumped 
into a 15 liter stirred reactor over a 24 hour 

20 period. The reactor, which contained 5.5 liters of 
1 , 1 , 2- trichlorotrif luoroethane and 1220 g sodium 
fluoride powder, was maintained at 10°C throughout 
the reaction while 20% fluorine was bubbled through 
the liquid fluorination medium at a rate just 

25 exceeding that required to react with all of the 
starting material being pumped into the reactor. 
The reactor contents were filtered and distilled to 
give 587 g of fluid which was further treated with 
50% fluorine at 270°C to give a fluid which was 

30 essentially free of hydrogen. The purified product 
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was fractionated into three samples. The first 

fraction boiled below 200°C at 0.05 mm Hg, the 

second distilled over between 200 and 300°C at 0.05 

mm and the distillation bottoms had a boiling point 

5 above 300°C at 0.05 mm Hg. The second fraction 

comprised approximately 20% of the total fluid with 

the majority of the sample having a boiling point 

below 200°C at 0.05 mm. The second fraction had an 

19 

average molecular weight of 2500 by F NMR. 
10 The viscosity of the second fraction at 20° C 

was 72.2 est. (ASTM slope of 0.644). The pour point 
was -62°C. 

19 F NKR (6 ppm vs CFC1 3 ) : -47 . 3 , -49 . 3 , - 51 . 4 : CF 2 0 ; 
-54.0. -55.8: CF 3 0 ; - 7 9 . 7 : OCF ( CF 3 ) CF 2 0 ; - 8 1 . 8 , - 8 2 . 8 , 
15 -S4.7:0CF(CF 3 )CF 2 0; -87.3:CF 3 CF 2 0; - 130 . 0 : CF 3 CF 2 0 ; 
-140.3, -144.8, -146.0:OCF 2 CF(CF 3 )0. 

Anal. Calcd. for CF 3 0 [ CF 2 CF(CF 3 ) 0CF 2 GF (CF 3 ) 0CF 2 0 ] n - 
CF 2 CF 3 : C, 21.02; F, 67.02. 
Found. C, 21.08; F, 67.08. 

2 0 Example 39 

A mixture of 600g 1 , 5 -pentanediol and 30g 
potassium hydroxide was heated to 160°C in a 1 liter 
flask. Acetylene gas was bubbled through the 
solution as it was rapidly stirred. The reaction 

25 was stopped after 40 hours and the product was 

washed with water and distilled to give an 85% yield 
of pentan diol divinyl ether (b.p. 192°C). 

A 1 liter flask cool d to -12°C was charged 
with 104g pentanediol and a trace of methane 
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sulfonic acid. To this solution was added 156g 
pentanediol divinyl ether. The solution was stirred 
rapidly for 2 hours. Then slowly warmed to room 
temperature over a 6 hour period to give a viscous 

5 polymer having, viscosity of 650 est. at 100°F. 

The product from the above reaction was fluori- 
nated in a liquid phase reactor containing 1,1,2- 
trichlorotrif luoroe thane and a sufficient amount of 
fluorine to complex with all of the hydrogen 

10 fluoride formed during the reaction. A perfluoro- 
polyether (average molecular weight of 1800) having 
the following structure was obtained: 

CF 3 CF 2 CF 2 CF 2 0(CF 2 CF 2 CF 2 CF 2 CF 2 OCF(CF 3 )0) n CF 2 CF 2 CF 2 CF 3 
Ex ample 40 

15 A mixture of 400 g triethylene glycol ethyl 

ether (2.24 mol), 258 g acetaldehyde die thylace tal 
(1.39 mol) , 300 ml benzene and 10 g acidic Ion 
exchange resin was refluxed in a 1 liter stirred 
flask equipped with a continuous extractor to remove 

20 the by-product ethanol from the refluxing benzene. 

The solution was refluxed for 6 hours, then filtered 
and placed in a rotary evaporator to remove the 
benzene solvent. 

The product was fluorinated in a 22 liter 

25 stirred tank which contained 5.7 liters of 1,1,2- 

trichloro trif luoroethane and 1100 g sodium fluoride 
powder. The hydrocarbon (219 g) was diluted to a 
volume of 700 ml with 1 , 1 , 2 - trichlorotrif luoro - 
ethane. The solution was slowly pumped into the 
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fluorination reactor, which was held at -5°C, over a 
period of 28 hours. The fluorine flow was set at a 
level approximately 10% higher than that required to 
react with all of the organic entering the reactor. 
5 Filtration of 'the crude reactor product followed by 
distillation yielded 224 g of a clear fluid which 
analyzed to be: 

CF 3 CF 2 OCF 2 CF 2 OCF 2 CF 2 0CF 2 CF 2 OCF(CF 3 )0CF 2 CF 2 0CF 2 CF 2 0- 
CF 2 CF 2 OCF 2 CF 3 

10 19 F NKR (6 ppm vs CFC1 3 ) : - 86 . 5 : 0CF(CF 3 ) ; 

-87.4: CF 3 CF 2 0 ; - 8 8 . 0 : CF 3 CF 2 <D - r - 88 . 7 : OGF 2 CF 2 0 ; 
-96 .3:OGF(GF 3 )0. 

Example 41 

In an experiment very similar to the previous 
^5 one, 400 g dipropylene glycol monomethylether (2-70 
mol) was reacted with 159.5 g acetaldehyde 
diethylacetal (1.35 mol) in benzene with an acid 
catalyst. Fluor ination of 250 g of the material 
afforded 480g of a perf luorinated fluid having the 
20 following structure : 

CF 3 OCF 2 dF(CF 3 )OCF 2 CF(CF 3 )OCF(CF 3 )OCF 2 CF(CF 3 )OCF 2 CF- 
(CF 3 )OCF 3 

E xample 4 2 

Chloroacetaldehyde (50 to 55 wt % in water) was 
25 distilled to give a fraction b iling between 87 and 
92°C. A 3 liter stirred flask containing 1281 g f 
the chloroacetaldehyde distillate was placed in a 
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room temperature water bath. While maintaining a 
temperature below 55°C, 500 ml of concentrated 
sulfuric acid was slowly added over a one hour 
period. The mixture was stirred for an additional 3 
days at 53°C t then allowed to separate into two 

•* phases- The lower phase, containing sulfuric acid, 
was removed with a separatory funnel while the upper 
phase was placed into a 3 liter flask equipped with 
a mechanical stirrer. Concentrated sulfuric acid 
(200 ml) was carefully added to the solution while 

10 the temperature was held below 60°C with a water 

bath throughout the addition. The flask was held at 
50° C for an additional 20 hours resulting in a 
viscous oil being formed. The polymeric product was 
dissolved in 1 liter methylene chloride and the 

15 solution was washed with water several times fol- 
lowed by a rinse with dilute sodium bicarbonate 
solution. The organic phase was isolated, dried 
over magnesium sulfate and concentrated to give a 
dark, viscous'* product (719 g poly chloroace - 

20 taldehyde) . The product was dissolved in 450 g 

chloroform and 305 g 1 , 1 , 2 - tr ichlorotr if luoroethane 
to give a solution which was metered over a 22 hour 
period into a 20°C fluorination reactor containing 
5.5 liters of 1 , 1 , 2 - tr ichloro tr If luoroe thane . 

25 Following the reaction, the solvent was removed 

leaving behind a fluid with the following structure 
having an average molecular weight of 850; 

(CF0] n 

cp 2 ci 
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10 




Temp . • F 

-65 
100 
176 



Example 43 

Butoxyethoxyethanol (400 g, 2.47 ioL) was 
reacted with 130 g polymeric chloroacetaldehyde in 
150 ml benzene to give a fluid which distilled at 
190° C at approximately 1 torr. The product (266 g) 
was mixed with 500 ml 1 , 1 , 2- trichlorotrif luoroethane 
and pumped into a 15 liter fluorination reactor 
containing 5 . 7 liters 1,1, 2- trichlorotrif luoroe thane 
and 1150 g sodium fluoride powder . Fluorine , 
diluted with approximately four volumes of nitrogen, 
15 was metered into the 0°C reactor at a rate 

approximately 10% greater than that required to 
react stoichiometrically with the polyether. The 
organic feed rate was set to allow complete addition 
in approximately 23 hours. Filtration of the 
20 product and removal of the 1,1, 2- trichlorotri- 

fluoroethane via a distillation gave a fluorocarbon 
product which was further purified by a 12 hour 
fluorination at 200*C with 40% fluorine. 
Approximately 520 g of fluid was recovered with 
25 approximately 50% being the target material. 



CF 3 CF 2 CF 2 CF 2 0CF 2 CF 2 0CF 2 CF 2 0CF(CF 2 Cl)0CF 2 CF 2 0CF 2 CF 2 O 
CF 2 CF 2 CF 2 CF 3 
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b.p. 245. 5°C 

19 F NMR ( 6 ppm vs CFC1 3 ) 

-73.3:0CF(CF 2 C1)0; - 81 . 7 : GF 3 CF 2 CF 2 CF 2 0 ; 
-83.3:CF 3 CF 2 CF 2 C£ 2 0; -88,0 and - 88 , 7 : OCF 2 CF 2 0 ; 
5 -96.7:0CF(CF 2 Ci)O;-126.5:CF 3 GF 2 CF 2 CF 2 0. 

Example 44 

Chloroacetaldehyde dimethyl acetal (124 g, 1 
mol) , 1 , 3-dichloro-2-propanol (258g, 2 mol) and 5g 
ion exchange resin were mixed in a 1 liter stirred 

10 flask. The mixture was heated to allow the methanol 
formed in the reaction to slowly distill from the 
flask- Approximately 70 ml of methanol was 
recovered over a 6 hour period. The remaining 
solution was vacuum- distilled and the fraction (120 

15 g, 38% yield) boiling between 100°C and 145°C at 2 

mm Hg was collected. The fluid was shown by 19 F NMR 
and elemental analysis to have the following struc- 
ture : 

(C1CH 2 ) 2 CH0CH0CH(CH 2 C1) 2 
20 CH 2 C1 

The above acetal (210 g) diluted with a small 
amount of chloroform and 1 , 1 , 2 - tr ichloro trif luoro - 
ethane was metered over a 14 hour period into a 22° C 
fluorination reactor containing 5.7 liters of 
25 1 # 1 i 2- trichlor otrif luoroethane . The crude product 
was further treated with 30% fluorine at 200°C for 
several hours to give 197g (57% yi Id) of cl ar 
fluid: 
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(CF 2 C1)2CF0CF0CF<CF 2 C1) 2 



CF 2 C1 



b.p.r 202°C 

19 F NMR (6 ppm vs CFCl 3 ):-64.5 and -65.0(a) 
-71.0(d), -£6.7(c) and -133.7(b) 



[(C1CF 2 ) 2 CF0] 2 CF(CF 2 C1) 
a b c d 

Examp l e 45 

Into a 1 liter stirred flask containing 300 ml 
10 benzene were placed 516 g l f 3-dichloro- 2-propanol (4 
mol) , 120 g paraformaldehyde (4 mol) and lOg ion 
exchange resin. The mixture was refluxed as the 
water formed during the reaction was continuously 
removed. After refluxing for 6 hours, the reaction 
15 mixture was filtered and vacuum- distilled to give 
354 g of a product with the following structure: 

(C1CH 2 ) 2 CH0CH 2 0CH(CH 2 C1) 2 

b.p.: 141°C/0.05 mm Hg. 

The above acetal (354 g) was mixed with 70 g 
20 chloroform and 360 g 1 , 1 , 2 - trichlorotr if luoroethane 
and fluorinated over a 24 hour period at 20°C using 
the procedure described in the previous example. 
The reaction product was concentrated and the crude 
product was further treated with fluorine at 200° C 
25 to give 430 g of a clear fluid (69% yield) having a 
boiling point of 178°C. 
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19 F NMR (S ppm va CFC1 3 ) : - 45 . 5 (c ) , -65.3(a) and 
-137.1(b) 

[(C1CF 2 ) 2 CF0] 2 CF 2 
a b c 

5 Example 46 

A mixture of 600 ml e thoxye thanol , 200 g 

epichlorohydrin and 10 g ion exchange resin was 

heated to 130°C for 20 hours. The reaction mixture 

was then cooled, filtered and distilled to give 250 
1° g of product which was then reacted with 116 g 

paraformaldehyde to give 266 g of a product boiling 

above 150°C at 0.01 mm Hg. 

Fluorination of 261 g of the product in a 

reactor containing 5 liters of 1 , 1 , 2 - tr ichlorotr i - 
15 fluoroethane and 1000 g sodium fluoride gave 446 g 

of perf luorinated fluid of which approximately 70% 

had the following structure: 

CF 3 CF 2 OCF 2 CF 2 OCF 2 CFOCF 2 OCFCF 2 OCF 2 CF 2 OCF 2 CF 3 

CFgCl CFjCl 

20 b.p. 224°C 

19 F NMR (6 ppm vs CFC1 3 ): -46.4(h), -67.6(g), 
-80.9(e), -87.6(a), - 89 . 0 (b , c , d) , and -141.8(f) 

CF 3 CF 2 OCF 2 CF 2 OCP 2 CP(CF 2 Cl)OCF 2 aCF(GF 2 Cl)CF 2 - 
abcdefg hfg e 

25 OCF 2 CF 2 OCF 2 CF 3 
d c b a 
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Example 4 7 



A mixture consisting of lOOg 2 -chloroe thanol 



(12.4 mol), 573g epichlorohydrin (6.2 mol) and 20g 
of an acidic ion exchange resin was refluxed for 24 

5 hours. The mixture was then filtered to remove the 
ion exchange resin and the excess alcohol and 
unreacted epichlorohydrin were removed by- 
distillation. The residue was distilled under 
vacuum and the product l-chloro-3- (2-chloroethoxy) - 

10 -2-propanol (804g, 75% yield) distilled between 89 
and 91° C at 0.05mm Hg. 

Into a 1-liter stirred flask were placed 346g 
l-chloro-3 - (2-chloroethoxy) -2-propanol (2 mol), 90g 
paraformaldehyde (3 mol), lOg ion exchange resin and 

15 300ml benzene. The mixture was refluxed for four 
hours as the water formed during the reaction was 
removed. The reaction mixture was filtered and 
distilled to give 267g of a product (75% yield) with 
the following structure: 



Fluorination of the product (660g) in a typical 
reaction at 20°C gave 1086g of a product (82% yield) 
having the following structure: 



20 




CH 2 C1 CH 2 C1 



25 




* 
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b.p,: 223°C 

19 F NMR: (S ppm vs CFClg): -46.3(f), -67.3(e), 
-74.3(a), -81.0(c), -87.3(b) and -141.9(d) 

[C1CF 2 CF 2 0CF 2 CF(CF 2 C1)0] 2 CFj 
5 abode £ 

Examp le 4 8 

Into a 1 liter flask were charged 300 g 
trlchloropentaery thritol , (1.58 mol), 150 ml of 
benzene, 10 g ion exchange resin and 60 g 

10 paraformaldehyde (2 mol). The mixture was refluxed 
as water was being removed continuously. 

A portion of the above product, 192 g, was 
diluted with 1 , 1 , 2 - tr ichloro tr if luor oe thane to give 
210 ml of solution which was pumped into a 22°C 

15 reactor containing 4.3 liters of 1 , 1 , 2 - tr ichloro tri * 
fluoroethane . The reaction was complete in 
approximately 8 hours. The unreacted fluorine was 
flushed from the reactor with nitrogen gas and the 
product (307 g, 87.8% yield) was recovered by 

20 distillation: 

19 F NMR (« ppm vs CFC1 3 ) : -48, 9(a), -51.1(c), 
-66.4(b) 

[C1CF 2 ) 3 C CF 2 0] CF 2 
a b e 
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Example 49 

A mixture of 392 g 1,4 cylcohexanedimethanol 
(2.72 mol), 140 g paraformaldehyde (4.7 mol), 200 ml 
benzene and 10 g of a H + ion exchange resin was 

5 refluxed for several hours in a flask containing a 
water separator. A nearly quantitative yield of a 
sticky solid was obtained after removal b*f the 
solvent by distillation. 

Fluorination of 263 g of the polymer, diluted 

10 with 220 g chloroform and 340 g 1 , 1, 2- trichlorotri- 
fluoroethane in a reactor (10°C) containing 4.8 
liters 1, 1 T 2- trichlorotrif luoroethane and 1300 g 
sodium fluoride power, gave 440g of a perfluoro- 
polyether having the following structure; 



[ CF 2 -CFCF 2 CF 2 CF CF 2 0 CF 2 0] n 

Example 50 

Into a 1 liter flask were placed 350 g 
tetraethylene glycol (1.8 mol), 300 ml benzene, and 

20 1° g l° n exchange resin. The mixture was refluxed 
for 1 hour to remove any moisture present. To the 
mixture was added 200 ml dimethoxypropane. The 
distillate was continuously removed over a 2-hour 
period in 50 ml increments, which were extracted 

25 with water to remove the ethanol formed in the 

reaction. After drying, the distillate was returned 
to the flask. An additional 200 ml dimethoxypropane 
was added and the distillate was collected, 
extracted, dried, and returned to the flask for an 
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additional 3 hours. Removal of the resin and 
solvent yielded 410 g of a polymeric fluid having a 
viscosity of 560 est. at 30°C. 

Fluorination of 336 grains of the polyether in a 
5 10°C reactor containing 5 liters of 1 , 1 , 2- trichloro- 
tr if luoroethane and 1420 g sodium fluoride powder 
gave 642 g of a perf luoropolye ther having an average 
molecular weight of 1700 (69.8% yield). 

19 F NMR: (8 ppm vs CFC1 3 >: -55.8(a), -76.3(e), 
10 -87.3(d), -88.6(c) and -90.5(b) 

CF 3 0 [CF 2 (CF 2 0CF 2 ) 3 CF 2 OC(CF 3 ) 2 OJ n 
a b c c d e 

Exam ple 5 1 

A mixture of 300 g pentanediol (2.88 mol), 450 

15 g chloroacetaldehyde/water mixture having a boiling 
point between 87 and 92° C and 150 ml benzene was 
refluxed in a" flask containing a water separator* 
Approximately 5 grams of an acidic ion exchange 
resin was added to catalyze the reaction. After 

20 refluxing for approximately five hours the solution 
was filtered and the benzene was removed by 
distillation to leave a residue (approximately 400 
g) having a viscosity of. 9,700 est. at 100 C F. 

Fluorination of 318 g of the polymer, diluted 

25 with 235 g chloroform and 375 g 1 , 1 , 2 - trichloro tri - 
fluoroe thane , in a 12°C reactor containing 5 liters 
of 1 f 1 , 2 - trichloro tr if luoroe than and 1200 g sodium 
fluoride powder gave 623 g (84% yield) of the 
fluorinated polyether (average molecular weight of 

30 2100) in a 22-hour reaction. 
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19 F NMR (6 ppm vs CFClj) : 

-73.4(h), -74.3(c), -81.6(a), -82.3(d), -87.1(g), 
-122.1(f), -125.3(e) and -126.3(b) 

CF 3 CF 2 CF 2 CF 2 0[CF 2 CF 2 CF 2 CF 2 CF 2 OCF(CF 2 Cl)0] n CF 2 CF 2 - 
5 abbe d e f e d g b ~cb - 

CF 2 CF 3 
b a 

Example 52 

A ten-liter stirred tank reactor was filled 

10 with 5.5 liters 1 , 1 , 2- tr ichlorotrif luoroethane • 
220.3 grams of phenanthrene was placed in a one- 
liter brass tube fitted with a plug of copper 
turnings in each end of the tube and then filled 
with 1,1, 2- trichlorotrif luoroethane - This brass 

15 tube was then placed in the liquid return line of 

the condenser so that the 1 , 1 , 2 - trichlorotrif luoro - 
ethane condensed in the condenser would flow through 
the brass tube and dissolve some phenanthrene before 
entering the reactor. The fluorine flow was set at 

20 470cc/min and the nitrogen flow was set at two 

liters per minute. The reactor temperature and the 
brass tube containing the phenanthrene were both 
^held at 19°C during the reaction. After 20 hours, 
the fluorine was stopped and the reactor was dumped. 

25 In the brass tube, 21.8 grams of phenanthrene 

remained so a total of 198 . 5 grams had reacted. 
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From the reactor, after removal of the 1,1,2-tri- 
chlorotrif luoroethane , a pale yellow liquid was 
recovered. This material was then reacted with 
40cc/min fluorine and lOOcc/min nitrogen in an 

5 unstirred reactor where the fluorine was hubbled 

through the liquid at 200°C for 12 hours to give a 
clear, colorless liquid. This liquid was then 
distilled to give 517g (74.2%) of per f luoro tetr a- 
decahydrophenanthrene (b.p. 215°C) along with 128 

10 grams of a clear, colorless solid that melted at 
approximately 60°C and was much less volatile than 
the perf luoro tetradecahydrophenanthrene . 

Example 5 3 

5.3 liters 1 , 1 , 2 - trichloro trif luoroethane were 

15 placed in a ten-liter stirred tank reactor. 256 

grams of kerosene was diluted to 650 ml with 1,1,2- 
trichlorotrif luoroethane . The fluorine flow was set 
at 650cc/min with the nitrogen flow at 2 liters per 
minute. After three minutes the kerosene solution 

20 was added at 25ml/hr to the reactor and the reaction 
was continued under these conditions while holding 
the reactor temperature at about 10°C. After 26 
hours, all of the kerosene had been added and the 
fluorine flow was stopped fifteen minutes later. 

25 The product was distilled to remove the 1,1,2-tri- 
chlorotrif luoroethane and any other material with a 
boiling point below about 100°C. 575 grams of a 
clear, colorless liquid product was obtained after 
treatm nt with 30cc/min fluorin and 60cc/min at 

30 150°C for 15 hours. 
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Example 54 

A ten-liter stirred tank reactor was loaded 
with 3.3 liters 1 , 1 , 2- trichlorotrif luoroethane . 120 
grams of heavy mineral oil was diluted to 480 ml 

5 with 1 » 1 , 2- trichlorotrif luoroethane . The fluorine 
flow was set at 350cc/min with a nitrogen flow of 
1.5 liters per minute. The mineral oil was added to 
the reactor at a rate of 20ml/hr. After 24 hours, 
the reaction was complete and the reactor was 

10 dumped. After removal of the 1 , 1 , 2 - trichlorotri - 
f luoroethane , 385 grams of product was obtained. 
This product was then treated with 30cc/min fluorine 
and 60cc/min nitrogen at 200° C for 16 hours to give 
306 grams of a soft paste that became a completely 

15 clear, colorless liquid at approximately 80°C. 

Example 5 5 

A ten- liter stirred tank reactor was loaded 
with five liters of 1 , 1 , 2 -trichlorotrif luoroethane . 
202 grams of Amoco Indopol 1 * H-100 polybutene 

20 920) was diluted to 610 ml with 1 , 1 , 2- trichlorotri - 
f luoroethane . The fluorine flow was set at 
460cc/min with a nitrogen flow of 1.5 liters per 
minute. The polybutene was then added at a rate of 
25 ml/hr while the reactor was held at -3°C. Once 

25 all the polybutene had been added ( 24 hours), the 
fluorine was reduced to 300cc/min and the nitrogen 
reduced to 1.2 liters per minute and these con- 
ditions were maintained for 15 minutes after which 
the fluorine flow was stopped and the reactor was 



BNSOOCID: <WQ 9003353A1 I > 



WO 90/03353 



PCT/US89/04251 



77- 



dumped. After removal of the 1 , 1 , 2 - tr ichloro tri - 
fluoroethane, the product was placed in a 600 ml 
beaker on a hot plate in a fume hood for eight hours 
at approximately 120° C to remove any light fraction 
5 in the oil. 496 grams of a viscous, colorless, 

slippery oil was obtained that has a pour point of 
about -15*C and an average molecular weight of 1500. 

Example 5 6 

A ten-liter stirred tank reactor was loaded 
10 with 5.0 liters 1 , 1 , 2 - trichlorotrif luoroe thane . 216 
grams of Uniroyal Chemical's Trilene™ CP80 ethylene 
propylene copolymer (molecular weight approximately 
8000) was diluted in 1 , 1 , 2 - trichloro trif luoroe thane 
to give 800 ml. The fluorine flow was started at 
15 420cc/min and the nitrogen flow was at 1.6 

liters/minute. After a few minutes, the CP80 
solution was added at 25ml/hr while the reactor was 
held at 10°C. After 31 hours, all of the CP80 
solution had tfeen added but the fluorine concen- 
20 tration in the gas outlet line rose only slowly. 
After one hour, the fluorine flow was reduced to 
200cc/min with a nitrogen flow of 800cc/min and the 
conditions were held for five hours after which time 
the fluorine flow was stopped. When the reactor was 
25 dumped, a gelatinous product was obtained that was 
insoluble in the 1 , 1 , 2 - trichloro trif luoroe thane . 
When all of the 1 , 1 , 2 - trichloro trif luoroe thane was 
removed from the gelatinous product, 680 grams of 
somewhat brittle white solid was left. A small 
30 portion of this solid was ground into a powder and 
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20 grams was placed in a one-foot- long copper boat:. 
This copper boat was placed In a l"xl8 n nickel tube 

and exposed to pure fluorine at 85 *C for 20 hours « 
(5cc/min F- flow). When this was done there was 

20.6 grams of a very viscous, clear t colorless 5 
elastomer in the boat which was insoluble in 1,1,2- 
trichlorotrif luoroethane and all other solvents 
tried. 

Example 57 

10 A ten-liter stirred tank reactor was loaded 

with 5,0 liters 1, 1, 2- trichlorotrif luoroethane. 275 
grams of poly (alpha-methylstyrene) (having an 
average molecular weight of 685) was dissolved In 
400g chloroform and 400g 1 , 1 t 2 - trichlorotrif luoro- 

15 ethane to give about 800 ml. The fluorine flow was 
set at 350cc/min and the nitrogen flow was set at 
1400cc/min. The poly (alpha-methylstyrene) solution 
was added at a rate of 20ml/hr while the reactor 
temperature was held at 12°C. After 39 hours, all 

20 of the poly- (alpha-methylstyrene) solution had been 
added and the fluorine flow was left on for one more 
hour. When the reactor was dumped, a pale yellow 
solution was recovered which contained approximately 
one gram of insoluble white powder. The solution 

25 was filtered and the 1 , 1 , 2 - trichlorotrif luoroethane 
was removed by distillation to give 785 grams of a 
pale yellow, somewhat brittle solid that melted at 
about 50°C. The melting point of the solid could be 
raised by distilling some of the 1 w molecular 

30 weight product out of the s lid. Approximately on 
third of the product boiled below 175°C at 1 torr. 
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Example 5 8 

3 . 7 liters 1,1,2- tr i chl or otr if luoro ethane were 
placed in a ten-liter stirred tank reactor. 69g 
tri-n-hexylamine and 54g trif luoroace tic acid were 
5 diluted in 1 , 1 f 2 - tr ichloro trif luoroe thane to give 

300 ml. The fluorine flow was set at 400cc/min and 
the nitrogen flow was set at 1600cc/min. The 
tr ihexylamine was added at 35ml/hr while the reactor 
was maintained at 22°C. When all of the amine had 
10 been added ( 8 hours) , the fluorine flow was reduced 
to lOOcc/min with the nitrogen at 800cc/min. These 
conditions were maintained for four hours af ter 
which time the fluorine was turned off and the 
reactor was dumped. The product consisted of a 
15 colorless liquid with a thick , brown tar floating on 
top and coating the walls x>f the reactor. The 
soluble phase contained 71 grams of per f luoro tri - 
hexylamine (37%) . 

Examgl e^5^£ 

Into a 1 liter stirred flask were placed 350g 
1,5 pentanediol (3.4 mol), 23g n-butanol (0.3 mol) , 
175g paraformaldehyde (5.8 mol) and 200 ml benzene. 
Upon ref luxing the mixture for approximately 3 hours 
with an acid catalys t present , 390g of a polymeric 
fluid was obtained which had a viscosity of 450 est. 
at 100°F. Fluorination of 310g of the fluid in a 
typical fluorination reaction at 14°G gave 708g of 
fluid (80% yield) of which approximately 30% boiled 
between 200 and 300°C at 0.05 mm Hg. Th average 
molecular weight was 2800. 



20 



25 



30 
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19 F NMR (6 ppm vs CFC1 3 ) - 51 . 3 (g) , -55.7(c), 
-81.7(a), -85.0(d), -122.3(f), -125.5(e) and 
-126.7(b) 

CF 3 CF 2 CF 2 CF 2 0(CF 2 CF 2 CF 2 CF 2 CF 2 OCF 2 0) n CF 2 CF 2 CF 2 CF 3 
5 abbe defedg ebba 

Example 60 

Using techniques similar to those described in 
the previous examples, 350g 1 , 6 -hexanediol (3.0 mol) 
49. 3g n-pentanol (0.56 mol) , 134g paraformaldehyde 

10 (4.46 mol) were reacted in benzene to give 425g of a 
polymeric material having a viscosity of 600 est. at 
100°F. Fluorination of 628g of the fluid in a 
typical reaction at 10°C gave 628g of fluid (71% 
yield) , of which approximately 30% boiled between 

15 200 and 300*C at 0.05 mm Hg. 

19 F NMR (6 ppm vs CFClg ) : - 51 . 3 ( i ) , -56.0(b), 
-81.7(a) , -85.0(f) , -85.3(e) , -122.7(h) , -123.0(c) , 
-125.5(g) and -126.3(d) 

CF 3 CF 2 CF 2 CF 2 CF 2 O(CF 2 CF 2 CF 2 CF 2 CF 2 CF 2 0CF 2 0) n CF 2 CF 2 CF 2 - 
20 abede fghhgf i e dc 

CF 2 CF 3 
b a 

Example 61 

A mixture of 600g diethylene glycol and 30g 

25 potassium hydroxide was heated to 160°C in a 1 liter 

flask. Acetylene gas was bubbled through the 



♦ 
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solution as it was rapidly stirred. The reaction 
was stopped after 48 hours and the product was 
extracted with water several times to remove any 
unreacted diethylene glycol. The product, a divinyl 

5 ether of diethylene glycol, was recovered by dis- 
tillation (b.p. 196°C) in about an 80% yield, 

A 1 liter flask cooled to -10°C was charged 
with 250g triethylene glycol ethyl ether and a 
catalytic amount of methane sulfonic acid. To this 

10 solution was added slowly lOOg diethylene divinyl 

ether . Following the addition , the flask was slowly 
warmed to room temperature over a 3 hour period. 
The product was distilled to 150*C at 0.05 mm Hg to 
remove any unreacted starting materials. 

15 The product from the above reaction can be 

fluorinated at 20°C using the procedures outlined in 
the previous liquid phase fluorination examples to 
give a per fluorinated fluid of the following 
structure: 

20 CF^CF 2 0<CF 2 CF 2 0) 3 CF(CF 3 )0(CP 2 CP 2 0) 2 CF(CF 3 )0- 
(CF 2 CF 2 0) 3 CF 2 CF 3 

C 24 F 50°11 
b.p. 300°C 

Example 62 

A mixture of 300g 1-propanol (5.0 mol), 231 g 
epichlorohydr in and 10 g ion exchange resin was 
ref luxed for 22 h urs . The r action mixture was 
then cooled, filt red and distilled to give 281 g f 
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l-chloro-3-propoxy-2-propanol (74% yield) Reaction 
of this product with paraformaldehyde (2.8 mol) gave 
202 g of product (69% yield) having the following 
structure ; 

5 CH 3 CH 2 CH 2 OCH 2 CHOCH 2 OCHCH 2 OCH 2 CH 2 CH 3 

iii 2 ci ch 2 ci 

b.p.: 132 °C at 2 mm Hg. 

Fluoriivatioti of the above acetal in a 23 hour 
reaction at 20 W C gave 404 g or product (81% yield) 
10 having the following structure ; 



CF 3 CF 2 CF 2 OCF 2 CFOCF 2 OCFCF 2 0CF 2 CF 2 CF 3 
CF 2 C1 CF 2 C1 

b.p. : 207°C 

19 F NMR <ff ppm vs CFCl 3 ) : -46 . 3 (g) , -67.3(f), 
15 -80.4(d), -81.9(a), -84.5(c), -130.0(b) and 
-141.6(a) 

[CF 3 CF 2 CF 2 0CF 2 CF(CF 2 C1)0] 2 CF 2 
a b c d e f g 

Example 63 

20 Eighty grams of die thoxyme thane were 

fluorinated in a 4-liter stirred tank reactor 
containing 1.5 liters (CF 2 C1) 2 CFOCF 2 OCF(CF 2 Cl) 2 as a 
fluorination solvent and 400 g sodium fluoride 
powder. The diethoxym than , diluted with 200 ml of 
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(CF 2 Cl) 2 CFOCF 2 OCF(CF 2 Cl) 2> was pumped into the 
reactor over an 18 hour period. Fluor inat ion of the 
fluid at 10°C with 30% fluorine gave a 90% yield of 
a product having a boiling point of 92.5°C. The 
5 product was obtained in greater than 99% purity 
following an atmospheric distillation. 

19 F NMR (84.87 MHz, CFC1 3 ) -52.4 (pentet, c) , 
-87.3 (singlet, a), -90.1 (triplet, b) . 

CF 3 CF 2 OCFOCF 2 CF 3 
a b c 

J 

1Q Exam ple 64 

A mixture consisting of 500g 2-chloroethanol 
(6.25 moles), 120g paraformaldehyde (4 moles), 5g of 
an acidic ion exchange resin and 100ml benzene was 
refluxed for several hours. The water formed during 

15 the reaction was continuously removed. The mixture 
was filtered to remove the ion exchange resin and 
the unreacted 2-chloroethanol and benzene were 
removed by distillation. The residue was distilled 
to give bis (2 - chloroethoxy )methane in a nearly 

20 quantitative yield. One hundred twenty grams of the 
product was fluorinated in a 4 liter stirred reactor 
containing 1.5 liters (CFjCl) 2 CF0CF 2 0CF(CF 2 C1) 2 in a 
30 hour reaction at 20°C to give a 92% yield of 
perf luoro [bis ( 2 - chlor oe thoxy)me thane ] . The product 

25 (b.p. 92.5°C) was obtained in greater than 99% yield 
by distillation. 
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19 F NKR (84.87 MHz, CFC1 3 ) -52.1 (pentet, c) , -74.0 
(singlet, a); -88.8 (triplet, b) . 



CF 3 C1CF 2 0CF 2 0CF 2 CF 3 C1 



Example 65 

5 The reaction of 500g dime thoxyme thane (6*6 

moles) with lOOg 1 , 3 - dioxolane (1.4 moles), in the 
presence of an acidic catalyst y gave a mixture of 
unreacted dime thoxyme thane , low molecular weight 
oligomers of 1 , 3 - dioxolane and a product having the 

10 formula: CH 3 OCH 2 OCH 2 CH 2 OCH 2 OCH 3 which was isolated 
in 50% yield. Fluor ination of 80g of the product in 
a 4 liter reactor containing 1.5 liters 
(CF 2 C1) 2 CF0CF 2 0CF(CF 2 C1) 2 and 400g sodium fluoride 
in an 18 hour reaction at 10° C, gave a 60% yield of 

15 perfluoro-2,4, 7 , 9 - tetraoxadecane (b.p. 79.0°C). 

19 F NMR (84.87 MHz, CFC1 3 ) -54.1 (pentet, b) -57.7 
(triplet, a), -90.9 (triplet, c) . 



CF 3 OCF 2 OCF 2 CF 2 OCF 2 0CF 2 



Example 6 6 

20 3 , 5 , 7 - trioxanonane was prepared in low yield by 

reaction of 500g ethanol (10.9 moles) with 500g 
paraformaldehyde (16.7 moles) in 200 ml of benzene 
containing 5g of an acidic ion exchange resin. The 
reaction was done in a 2 liter flask equipped with a 
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water separator and reflux condenser. The major 
product formed, die thoxyme thane , was removed from 
the product mixture along with the benzene by 
distillation. The remaining residue contained low 
5 molecular weight oligomers of formaldehyde having 
the general formula: CH 3 CH 2 (OCH 2 ) n OCH 2 CH 3 . The 
primary component, CH^CH^CHgOCHjOCHgCh^ was iso- 
lated in about a 10% yield, Fluorination of the 
product in (CF 2 C1> 2 CF0CF 2 0CF(CF 2 C1) 2 containing 
10 sodium fluoride gave a 45% yield of perfluoro- 
3 f 5 , 7 - tr ioxanonane . 

19 F NMR (84.87 KHz , CFClg) -53.7 (multiplet, c) 
-87.4 (singlet, a), -90.6 (triplet, b) . 



15 



CF 3 CF 2 OCF 2 OCF 2 OCF 2 CF 3 



E xam p le 6 7 

Eighty grams of acetaldehyde diethyl acetal 
were fluorinated in 20 hour reaction using a 
fluorine flow rate of 250 cc/min. The hydrocarbon 
20 wa s slowly pumped into a reactor containing 1.5 
liters (CF 2 G1) 2 CF0CF 2 0CF<CF 2 C1) 2 and 400g sodium 
fluoride. The product, was obtained in a 45% yield 
and in 98% purity after distillation. 

19 F NMR (84.87 MHz, CFC1 3 ) -86.7 (multiplet, d) , 
25 -87,5 (singlet, a), -88.1 (multiplet, b) , -97.0 
(pentet , c) . 

CF 3 CF 2 OCF(CF 3 )OCF 2 CF 3 
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Exa mple 68 

Eighty grains of triethyl orthof ornate were 
fluorinated In a 4-liter stirred tank reactor 
containing 1.5 liters (CFjCl) 2 CF0CF 2 0CF(CF 2 C1) 2 and 
5 400g sodium fluoride powder. The triethyl ortho- 
formate, diluted with 200ml (CF 2 C1) 2 CFOCF 2 OCF- 
(CF 2 C1) 2 was pumped into the reactor ovei; an 18 hour 
period. Fluorination of the fluid at 10* C with 30% 
fluorine gave a 55% yield of a product having a 
10 boiling point of 92.5°C. The product was obtained 
in greater than 99% purity following an atmosphic 
distillation. 

19 F NMR (84.87 MHz, CFC1 3 ) -52.2 (septet, c) , -87.6 
(singlet, a) -90.7 (doublet, b) . 

15 (CF 3 CF 2 0) 3 CF 
a b c 

Example 6£ 

A mixture of 3 , 612g butoxyethanol (30.6 moles), 
261g paraformaldehyde (8.7 moles), 5g ion exchange 

2Q resin and 350ml toluene was stirred at reflux as the 
water formed in the reaction was continuously 
removed. After 5 hours, the reaction was complete 
and a nearly quantitative yield of bis(2-butoxy- 
ethoxy) methane, bp 100-110*0 at 0 . 5 Torr, was re- 

25 covered. 915g of bis (2-butoxyethoxy )methane was 

diluted to a volume of 1700ml with 1 , 1 , 2 - trichloro - 
trif luoroethane and pumped into a 5 liter reactor 
containing 5.7 liters of 1 , 1 , 2- trichlorotr if luoro - 
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ethane. The reaction, which was carried out at 
23° C, was complete in approximately 72 hours. The 
product, perf luorobis (2 -butoxyethoxy) me thane was 
obtained in 62% yield. 

5 19 F NMR (6 ppm vs CFC1 3 ) -51.7 <f ) , -81.6 (a) f -83.4 
c), -88.7 (e>, -90.5 (d> , -126.5 (b) 

(CF 3 CF 2 CF 2 CF 2 OCF 2 CF 2 0) 2 CF 2 
abbe d e £ 

Example^ 70 

10 A 4 liter stirred reactor was charged with 2 

liters Fluorinert FC-75 (3M Corporation; mixture of 
perf luoro (2 -n-butyl tetrahydrof uran) and 
perf luoro(2-n-propyltetrahydropyran) ) and heated to 
70°C. Eighty grams of bis ( 2 -butoxyethoxy ) methane 

15 was pumped into the reactor neat over an 18 hour 

period . The product , perf luorobis ( 2 -butoxyethoxy ) - 

methane, was tecovered in 41% yield following an 

19 

atmosphoric distillation (b,p. 178°C) . The F NMR 
was identical to that obtained when the product was 
20 prepared in 1 , 1 , 2 - trichloro trif luoroethane as the 
fluorination solvent (previous example). 

E q u i v a 1 e n t s 

Those skilled in the art will recognize or be 
able to ascertain using no more than routine 
25 experimentation many equivalents to the specific 

embodiments f the invention described herein. Such 
equivalents are intended to be enc rapassed by the 
following claims. 



BNSDOCID:<WO 90033 53 A 1 I > 



WO 90/03353 PCT/US89/04251 



10 



88 



CLAIMS 

A method for liquid-phase f luor ination , 
comprising : 

a. introducing a hydrogen-containing compound 
into a liquid, perfluorocarbon, perhalo- 
genated chlorof luoro carbon or v 
chlorof luoroether medium while agitating 
the medium so that the hydrogen-containing 
compound is dissolved or dispersed within 
the liquid medium; 

b . introducing a mixture of fluorine gas and 
a diluent gas into the medium to 

f luorinate the hydrogen- containing 
compound, the fluorine being diluted so 

15 that the liquid perf luorocarbon, 

perhalogenated chlorof luorocarbon or 
chlorof luoroether medium and fluorine in 
the vapor space do not form a flammable 
mixture , the amount of fluorine gas being 

20 i n excess of the stoichiometric amount 

needed to replace all of the hydrogen 
atoms of the hydrogen- containing compound 
with fluorine ; and 
c* continuing the fluorination until the 

25 hydrogen- containing compound is f luori- 

nated. 

2. A method of Claim 1, wherein the hydrogen- 
containing corap und is an ether or polyether 
having 5 to 10,000 carbon at ms . 
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3. A method of Claim 2, wherein the ether is a 
linear polyether. 

4. A method of Claim 1, wherein the hydrogen- 
containing compound contains at least one 

5 carboxylic acid derivative. 

5. A method of Claim 4, wherein the hydrogen- 
containing compound contains an acid chloride, 
acid fluoride or ester group* 

6 A method of Claim 1, wherein the hydrogen- 
10 containing compound contains a sulfonic acid 

derivative . 

7. A method of Claim 6, wherein the hydrogen- 
containing compound contains a sulfonyl 
chloride, sulfonyl fluoride or alkyl sulfonate 

15 group. 

8. A method of Claim 1, wherein the hydrogen- 
containing compound is a mono or polycyclic 
aromatic compound having 6 to 30 carbon atoms. 

9. A method of Claim 1, wherein the hydrogen- 
20 containing compound is a hydrocarbon polymer 

having 10 to 10,000 carbon atoms . 
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10. A method of Claim 1, wherein the hydrogen- 
containing compound is a cyclic ether having 
more thai* 10 carbon atoms. 

11. A method of Claim 1, wherein the perhalogenated 
5 chlorof luorocarbon is 1, 1 , 2- trichlorotrif luoro- 

e thane. 

12. A method of Claim 1, wherein the perhalogenated 
chlorof luoroether is a perhalogenated 
chlorof luoropolyether . 

10 13. A method of Claim 12, wherein the perhalo- 
genated chlorof luoropolyether is: 

(CF 2 C1) 2 CF0CF 2 0CF(CF 2 C1) 2 . 

14. A method of Claim 12, wherein the perhalo- 
genated chlorof luoropolyether is: 

15 CF 2 C1CF 2 0CF 2 0CF 2 CF 2 C1 . 

15. A method of Claim 1, wherein the liquid medium 
is the fluorinated product. 

16. A method of Claim 1, wherein the hydrogen* 
containing compound Is first dissolved in a 

20 solvent and introduced into the liquid medium 

in solution. 

17. A meth d f Claim 16, wherein the s Ivent has a 
high solvating p wer and does not c nsume 
fluorine . 
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18. A method of Claim 16, wherein the solvent is 
the same liquid as the liquid medium. 

19. A method of Claim 1, wherein the hydrogen- 
containing compound is insoluble in the liquid 

5 f luorination medium and is introduced into the 

medium to form a suspension or emulsion. 

20. A method of Claim 19 , wherein the emulsion or 
suspension is formed continuously in the 
reactor as the f luorination reaction proceeds . 

10 21. A method of Claim 1, wherein the f luorination 
is carried out at a temperature of from about 
-40°C to about 150°C. 

22. A method of Claim 21, wherein the f luorination 
is carried out at a temperature of about -10*C 

15 to about 50°C. 

23. A method of Claim l t wherein the f luorination 
is carried out in the presence of a hydrogen 
fluoride scavenger. 

24. A method of Claim 23, wherein the hydrogen 
20 fluoride scavenger is sodium fluoride. 

25 . A method of Claim 1 , wherein the f luorination 
is carried out in a batch or continuous mode . 
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26. A method of Claim 1, wherein the gaseous 
products of the f luorinat ion are circulated 
through a. bed containing a hydrogen fluoride 
scavenger and then are reintroduced back into 

5 the f luorination reactor . 

27. A method of Claim 26, wherein the hydrogen 
scavenger is sodium fluoride. 

28. A method of Claim 1, wherein the hydrogen- 
containing compound is slowly extracted with 

10 liquid perhalogenated chlorof luorocarbon or 

chlorof luoroether medium wherein the extracted 
hydrogen- containing compound is then 
f luorinated. 

29. A method of Claim 28, wherein the hydrogen- 
15 containing compound is phenanthrene . 
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30. A method for liquid phase f luor inat ion f com- 
prising; * 

a. providing a f luor ination reactor wherein 
the reactor comprises a reaction vessel 
5 having a means for agitating a liquid 

contained therein; a means for introducing 
a hydrogen- containing compound into the 
reactor; means for introducing a gas into 
the reactor; means for removing a 
10 vaporized liquid from the reaction vessel 

operatlvely linked to a means for con- 
densing the vaporized liquid; and a liquid 
return line operatively linked downstream 
from the condensing means wherein 
15 condensed liquid is returned to the 

reaction vessel; 
b. placing a liquid perf luorocarbon , per- 

halogenated chlor of luor ocarbon or chloro- 
fluoroether medium in the reaction vessel; 
2Q c. introducing a hydrogen- containing compound 

into the reaction vessel while agitating 
the liquid medium so that the hydrogen- 
containing compound is dispersed within 
the liquid medium; 
25 d. introducing fluorine gas diluted with an 

inert gas into the reaction vessel to 
fluorlnate the hydrogen- containing com- 
pound, the fluorine being diluted so that 
the liquid perf luorocarbon perhalogenaued 
30 chlorof luorocarbon or chlorof luoroe ther 

medium and fluorine in the vapor space do 
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not form a flammable mixture, the amount 
of fluorine gas being in excess of the 
stoichiometric amount necessary to replace 
all of the hydrogen atoms in the hydrogen- 
containing compound; and 
e. continuing the fluorination reaction until 
the hydrogen-containing compound is 
perf luorinated. 

31. A method of Claim 30, wherein the hydrogen- 
containing compound is an ether or polyether 
having 5 to 10,000 carbon atoms. 

32. A method of Claim 31, wherein the ether is a 
linear polyether . 



33. A method of Claim 30, wherein the hydrogen- 
15 containing compound contains at least one 

carboxylic acid derivative. 

34. A method of Claim 33, wherein the hydrogen- 
containing compound contains an acid chloride, 
acid fluoride or ester group. 

20 35. A method of Claim 30 r wherein the hydrogen- 
containing compound contains a sulfonic acid 
derivative . 



36. A method of Claim 35, wherein the hydrogen- 
containing compound contains a sulfonyl 
25 chlorid , sulf nyl fluoride r alkyl sulfonate 

group . 



BNSDOC1D: <WO 9003353A1 _!_> 



WO 90/03353 



PCT/US89/04251 



95- 



37. A method of Claim 30, wherein the hydrogen- 
containing compound is a mono or polycyclic 
aromatic compound having 6 to 30 carbon atoms. 

38. A method of Claim 30, wherein the hydrogen- 
5 containing compound is a hydrocarbon polymer 

having 10 to 10,000 carbon atoms. 

39. A method of Claim 30, wherein the hydrogen- 
containing compound is a cyclic ether having 
more than 10 carbon atoms . 

10 40. A method of Claim 30, wherein the per- 
halogenated, chlorof luorocarbon is 
1 , 1 , 2- trichlorotrif luoroethane . 

41. A method of Claim 30, wherein the 
perhalogenated chlorof luoroether is a 

15 perhalogenated chlorof luoropolye ther . 

42. A method of Claim 41, wherein the perhalo- 
genated chlorof luoropolyether is : 

(CF 2 C1) 2 CF0CF 2 0CF(CF 2 C1) 2 . 

43. A method of Claim 41, wherein the perhalo- 
20 genated chlorof luoropolyether is : 

CF 2 C1CF 2 OCF 2 OCF 2 CF 2 C1 ' 

44. A method of Claim 30, wherein the liquid m dium 
is the fluorinated product. 
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45, A method of Claim 30, wherein the hydrogen- 
containing compound is first dissolved in a 
solvent and introduced into the liquid medium 
in solution. 

5 46 . A method of Claim 45, wherein the solvent has a 
high solvating power and does not consume 
fluorine . 

47 . A method of Claim 45 , wherein the solvent is 
the same liquid as the liquid medium, 

10 48 . A method of Claim 30, wherein the hydrogen- 
containing compound is insoluble in the liquid 
fluorination medium and is introduced into the 
medium to form a suspension or emulsion. 

49. A method of Claim 48 wherein the emulsion or 
15 suspension is formed continuously in the 

reactor as the fluorination reaction proceeds. 

50. A method of Claim 30, wherein the fluorination 
is carried out at a temperature of from about 
-30°C to about 150°C. 

20 51 • A method of Claim 50, wherein the fluorination 
is carried out at a temperature of about -10 0 C 
to about 50°C. 

52, A method of Claim 30, wherein the fluorination 
is carried ut in the presence of a hydrogen 
25 fluoride scavenger. 
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53, A method of Claim 52, wherein the hydrogen 
fluoride ' scavenger is sodium fluoride, 

54. A method of Claim 53 t wherein the fluorination 
is carried out in a batch or continuous mode. 

5 55. A method of Claim 30, wherein the gaseous 

products of the fluorination are circulated 
through a bed containing a hydrogen fluoride 
scavenger and then are reintroduced back into 
the fluorination reactor. 

10 56. A method of Claim 55, wherein the hydrogen 
scavenger is sodium fluoride. 

57. A method of Claim 30,- wherein the hydrogen- 
containing compound is slowly extracted with 
liquid perhalogenated chlor of luorocarbon or 

15 chlorof luoroether medium wherein the extracted 

hydrogen-containing compound is introduced into 
the reaction vessel. 

58. A method of Claim 57, wherein the hydrogen- 
containing compound is phenanthrene . 



BNSDOCID: <WO 9003353A1 I > 



WO 90/03353 



PCT/US89/04251 



98- 



59. A method for liquid-phase f luorination, 
comprising : 

a. introducing a hydrogen-containing compound 
into a liquid, perfluorocarbon, perhalo- 

05 genated chlorof luorocarbon or chloro- 

fluoroether medium while agitating the 
medium so that the hydrogen- containing 
compound is dissolved or dispersed within 
the liquid medium; 

10 b. introducing mixture of fluorine gas and a 

diluent gas into the medium to fluorinate 
the hydrogen-containing compound, the 
fluorine being diluted so that the liquid 
perfluorocarbon, perhalo genated chloro- 

15 fluorocarbon or chlorof luoroether medium 

and fluorine in the vapor space do not 
form a flammable mixture, the amount of 
fluorine gas being in excess of the 
stoichiometric amount necessary to replace 

20 all of the hydrogen atoms in the hydrogen- 

containing compound, the fluorine con- 
centration of the gas mixture being about 
10% to about 40%; 

c, maintaining the fluorinatlon reaction at a 
25 temperature of from about -40* C to about 

150 W C; 

d. contacting the during the fluorinatlon 
hydrogen- containing compound with a 
hydrogen fluoride scavenger, the amount of 

30 hydrogen fluoride scavenger in relation to 



• 



BNSDOCID: <WO 9003353 A1 _L> 



WO 90/03353 PCT/US89/04251 



-99- 

the hydrogen-containing compound being 
sufficient to react with the hydrogen 
fluoride formed during f luorination; and 
e. continuing the f luorination until the 
hydrogen-containing compound is 
f luorinated . 

A method of claim 59, wherein the f luorination 
reaction is carried out in the absence of a 
hydrogen fluoride scavenger at a temperature 
below the boiling point of the liquid medium 
but sufficiently high to allow by-product 
hydrogen fluoride to be removed from the 
reactor . 
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